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PREFACE. 



The following treatise on Plane and Spherical Trigonom- 
etry and Mensuration first appeared in 1873 as an Introduc- 
tion to the author's work on Surveying and Navigation. 

The general favor with which the Trigonometry has been 
received renders it probable that its publication in a sep- 
arate volume would greatly extend its usefulness. 

The many studying Trigonometry, who do not care to 
learn Surveying, ought not to be compelled to purchase a 
more expensive book than is necessary. 

In the application of Logarithms to the processes of Mul- 
tiplication and Division, Involution and Evolution, the order 
of treatment is, first, the proposition and its demonstration ; 
next, the rule, then the solution of examples, thus giving 
the application of the principle in immediate connection 
with its statement. 

The trigonometrical functions are defined, not as ratios, 
but as linear functions of the angle, thus giving the student 
clear geometrical conceptions instead of abstract relations, 
and enabling him the more readily to grasp the laws of the 
algebraic signs of the functions. The advantages in analytic 
investigations resulting from defining these functions as ratios 
have been secured in the. principles relating to the Right 
Triangle, Art. 64. 

Each of the circular functions has, in the first place, been 
considered by itself, and its value traced for all arcs, from 0° 
to 360°. 

Trigonometry is naturally divided into Plane and Spher- 
ical. In Plane' Trigonometry triangles are discussed in the 
order. Right Triangles and Oblique Triangles, 

Then, under the general head, Rdatiom of the Oirctdar Funo 
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tianSffoHoWy fundamental formulas, each function in terms 
of each of the others, functions of negative arcs, functions 
of (n 90° =i= a), values of functions of particular arcs, in- 
verse functions, functions of the sum and difference of two 
angles, functions of double and half angles, consequences of 
the formulas (a), (6), (c), (d), a variety of interesting prac- 
tical applications, and the computation of the natural and 
logarithmic functions. 

In Spherical Trigonometry, as in Plane, RiglU Triangles are 
first discussed, then Oblique. 

More than ordinary care has been given to the develop- 
ment of Napier's principles and to the discussion of the 
species of the parts of both right and oblique triangles. Arts. 
126, 129, 145, 148, 151. 

Special attention is invited to Arts. 64, 89, 91, 126, 129, 
145, 148. 

Mensuration, a subject at once interesting and practically 
important, has been discussed at length, and formulas, in- 
stead of rules, have been developed for the solution of prob- 
lems. 

Hoping that the work, as a whole, will prove a contribu- 
tion to the wants of the student, and render him efficient 
aid in acquiring a correct mathematical taste, and that its 
publication in a separate volume will greatly extend its use- 
fulness, it is submitted to the favorable consideration of those 
who have the responsibility of selecting the text-book on this 
important branch of mathematical science. 

A. SCHUYLER 

Baldwin University, ) 
Be^'ea, O., Jitne 12, 1875. j 
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INTRODUCTION. 



LOGARITHMS. 

1. Definition. 

A logarithm of a number is the exponent denoting 
the power to which a fixed number, called the base, must 
be raised in order to produce the given number. 

Thus, in the equation, 6' = n, 6 is the base of the sys- 
tem, n is the number whose logarithm is to be taken, 
and X is the logarithm of n to the base 6, which may be 
written : x = log ^ n. 

Any positive number, except 1, may be assumed as 
the base, but when assumed, it remains fixed for a sys- 
tem ; hence, there may be an infinite number of sys- 
tems, since there may be an infinite number of bases. 

2. Common Logarithms. 

Common logarithms are the logarithms of numbers 
in the system whose base is 10. 

10« = 1; .-. by def, log l:r=0. 

10' =10; .-. by def., log 10 = 1. 

102 := 100 ; ... by def , log 100 = 2. 

103 = 1000; . • . by def., log 1000 = 3. 



Hence, In the common system, the logarithm of an exact power 
of 10 is the whole number equal to the exponent of the power, 

(9) 
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3. Consequences. 

1. If the number is greater than 1 and less than 10, 
its logarithm is greater than and less than 1, or is 
+ a decimal 

2. If the number is greater than 10 and less than 
100, its logarithm is greater than 1 and less than 2, or 
is 1 -|- a decimal. 

3. In general, if the number is not an exact power 
of 10, its logarithm, in the common system, will consist 
of two parts — an entire part and a decimal part. 

The entire part is called the characteristic and the dec- 
imal part is called the mantissa, 

4. Problem. 

To find the laws for the characteristic. 

Let (1) \0' = n] then, by def., log n=^x. 
But (2) 101=10. 

(l)-^(2) = (3) 10'-^ = ^; then,by def.,log^=.a:-l. 
.-. log ^-=log n — 1. 

Hence, The logarithm of the quotient of any number by 10 is 
less by 1 than the logarithm of the number. 

Let us now take the number 8979 and its logarithm 
3.95B23, as given in a table of logarithms, and divide 
the number successively by 10, and for each division 
subtract 1 from the logarithm of the dividend, then we 
have, 

Log 8979 = 3.95323. , Log .8979 =T95323. 

" 897.9 =- 2.95323. ' " .08979 =2.95323. 

" 89,79 = 1.95323. " .008979 = 3.95323. 

« 8.979 = 0.95323. 
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' The minus sign applies only to the characteristic over 
which it is placed. 

The mantissa is always positive, and is the same for 
all positions of the decimal point. 

An inspection of the above will reveal the following 
laws : 

1, If the number is integral or mixed^ the characteristic: is 
positive and is one less than the number of integral figures, 

2. If the number is entirely decimal, the characteristic is 
negative and is one greater, numerically, than the number of 
&s immediately following the decimal point 

5. Exercises on the Characteristic. 

1. What is the characteristic of the logarithm of 7 ? 

2. What is the characteristic of the logarithm of 
466? 

3. What is the characteristic of the logarithm of 
4678? 

4. What is the characteristic of the logarithm of 
34.75? 

5. What is the characteristic of the logarithm of 
.65? 

6. What is the characteristic of the logarithm of 
.0789? 

7. What is the characteristic of the logarithm of 
.00084? 

8. If the characteristic of the logarithm of a num- 
ber is 2, how many integral places has that number? 

9. If the characteristic of the logarithm of a num- 
ber is 5, how many integral places has that number? 

10. If the characteristic of the logarithm of a num- 
ber is 1, how many integral places has that number? 

11. If the characteristic of the logarithm of a num- 
ber is 0, how many integral places has that number ? 
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t2. If the characteristic of the logarithm of a num- 
ber is negative, is the number integral, decimal, or 
mixed? 

13. If the characteristic of the logarithm of a num- 
ber is 4, how many O^s immediately follow the decimal 
point ? 

14. If the characteristic of the logarithm of a num- 
ber is 2, how many O's immediately follow the decimal 
point? 

15. If the characteristic of the logarithm of a num- 
ber is 1, how many O's immediately follow the decimal 
point? 

TABLE OF LOGARITHMS. 

6. Description of the Table. 

The table of logarithms annexed gives the mantissa 
of the logarithm of every number from 1000 to 10900. 
The characteristic can be found by the preceding laws. 

It follows, from Art. 4, that the mantissa of the loga- 
rithm of a number is the same as the mantissa of the 
logarithm of the product or quotient of that number by 
any power of 10. Thus: 

Log 12 =1.07918. 
" 120 = 2.07918. 
" .012 = 2:07918. 

Hence, we can determine from the table the log- 
arithm of any number less than 1000. Thus, the 
mantissa of the logarithm of 8 is the same as that 
of the logarithm of 8000. 

In the table, the first three or four figures of each 
number are given in the left-hand column, marked 
K The next figure is given at the head and foot 
of one of the columns of mantissas. 
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The mantissas, in the column under 0, are given 
to five decimal places. The first and second decimal 
figures of this column are understood to be repeated in 
the spaces below, and to be prefixed, across the page, 
to the three figures of the remaining columns. 

When the third decimal digit changes from 9 to 0, 
the second is increased by the 1 carried; and the cor- 
responding mantissa, and all to the right, commence 
with a smaller figure, to indicate that the first two 
decimal figures, to be prefixed, are to be taken from 
the line below. 

The last column, marked Z), contains the differ- 
ence of two successive mantissas, called the tabular 
difference. 

7. Problem. 
To find the logarithm of a given number. 

1. Find the logarithm of 3675. 

The characteristic is 3. Opposite 367, in the column 
headed N, and under the column headed 5, we find 
626, to which prefix the two figures, 56, in the column 
headed 0, and we have for the mantissa .56526. 

.-. log 3675 = 3.56526. 

2. Find the logarithm of 76. 

The characteristic is 1, and the mantissa is the same 
as that of 7600, which is .88081. 

.-. log 76 = 1.88081. 

3. Find the logarithm of .004268. 

The characteristic is 3, and the mantissa is the same 
as that of 4268. Looking opposite 426, and under 8, 
we find 022, of which the is a small figure. Prefixing 



14 . LOQABITHMS, 

63, from the line below, in the column headed 0, we 
have for the mantissa .63022. 

.-. log .004268 ='3.63022. 

4. Find the logarithm of 109684. 

The characteristic = 5. 

The mantissa of log 1096 = .03981 
Tab. diff. is 40; and 40 X .84 = 34 

log 109684^6.04015 

The reason for multiplying the tabular difference by 
.84 will be apparent from the following: 

log 109600 = 5.03981. 
log 109700 = 6.04021. 

The difference of the logarithms is 40 hundred- 
thousandths, and the difference of the numbers is 100; 
but the difference of 109600 and 109684 is 84, which is 
.84 of 100; hence, the difiference of the logarithms of 
109600 and 109684 is .84 of 40 hundred-thousandths, 
which is 40 hundred-thousandths X .84 = 34 hundred- 
thousandths, nearly. 

It is assumed that the difference of the logarithms 
of two numbers is proportional to the difference of the 
numbers, which is approximately true, especially if the 
numbers are large. 

5. Find the logarithm of 123.613. 

The characteristic =2. 

The mantissa of log 1236 = .09202 
Tab. diff. is 35; and 35 X. 13= 5 



.-. log 123.613 = 2.09207 

The tabular difference is .00035, and .00035 X. 13 = 
.0000455. But since the logarithms in this table are 
taken only to five decimal places, the two last figures, 
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55, are rejected, and 1 is carried to .00004, making 
.00005 for the correction. 

In general, when the left-hand figure of the part 
rejected exceeds 4, carry 1. 

When the tabular difference is large, as in the first 
part of the table, there may be small errors. Accord- 
ingly, for numbers between 10000 and 10900, it will 
be better to use the last two pages instead of the 
first page. 

8. Rule. 

1. If the number y or the product of the number by any 
power of 10,18 found in the table, take the corresponding man- 
tissa from the table, and prefix the proper characteristic, 

2. If the number, v>ithout reference to the decimal point 
or (ys on the right, is expressed by more than five figures, 
take from the table the mantissa corresponding to the first 
four or five figures on the left, multiply the corresponding 
tabular difference by the number expressed by the remaining 
figures, considered as a decimal, reject from the product as 
many figures on the right as are in the multiplier, carrying 
to the nearest unit, and add the result as so many hundred- 
thousandths to the mantissa before found, and to the mm 
prefix the proper characteristic. 

9. Examples. 

1. What is the logarithm of 2347 ? Ans. 3.37051. 

2. What is the logarithm of 108457? Ans. 5.03526. 

3. What is the logarithm of 376-542? Ans. 5.57581. 

4. What is the logarithm of 229.7052? Ans. 2.36117. 

5. What is the logarithm of 11287eS7? Ans. 6.05260. 

6. What is the logarithm of .30365? Ans. 'L48237. 

7. What is the logarithm of .0042683? Ans. 3.63025. 

8. What is the logarithm of 1245400? Ans. 6.09531. 
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10. Problem. 

To find the number corresponding to a given logarithm. 

1. What number corresponds to logarithm 2.03262? 
The mantissa is found in the column headed 8, 

and opposite 107 in the column headed N. Hence, 
without reference to the decimal point, the number 
corresponding is 1078; but since the characteristic is 
2, the number is entirely decimal, and one imme- 
diately follows the decimal point. Hence, the number 
corresponding is .01078. 

2. What number corresponds to logarithm 2.83037? 
Since this logarithm can not be found in the table, 

take the next less, which is 2.83033, and the corre- 
sj)onding number, without reference to the decimal 
point, which is 6766. 

The difference between the given logarithm and the 
next less is 4, and the tabular difference is 6, which 
is the difference of the logarithms of the two numbers, 
6766 and 6767, whose difference is 1. 

If the tabular difference of the logarithms, 6, cor- 
responds to a difference in the numbers of 1, the 
difference of the logarithms, 4, will correspond to a 
difference of f of 1 ; which, reduced to a decimal, and 
annexed to 6766, will give for the number, without 
reference to the decimal point, 676666. But since the 
characteristic is 2, there will be three integral places; 
hence, 676.666 is the number required. 

3. What number corresponds to logarithm 2.76398? 

The given log = 2.76398 . • . number = 580.737 
Next less log : = 2.7639 5 .-. number ^580.7 
Tab. difference = 8)300 = difference. 
37 -—- correction. 
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It is necessary to write only that part of the next 
less logarithm which differs from the given logarithm. 
Conceive O's annexed to the difference, and divide by 
the tabular difference; and annex the quotient to the 
number corresponding to the next less logarithm. 

In practical work abbreviate thus : Let I denote the 
given logarithm; Z', the next less logarithm; n and n', 
the corresponding numbers; <, the tabular difference; 
d, difference of logarithms ; c, the correction. 

4. What number corresponds to logarithm 1.73048? 

Z =1.73048 .-. 71 = .537625 
r = 1.73046 .-. n'=.5376 

t = 8)2 = d. n' is found first, then 

25 = <?. I n hy annexing c. 

11. Rule. 

1. If the given mantissa can be found in the table, take the 
number corresponding, and place the decimal point accord- 
ing to the law for the characteristic. 

2. If the given mantissa can not be found in the table, 
take the next less and the corresponding number. Subtract 
this mantissa from the given mantissa, annex O's to the re- 
mainder, divide the result by the tabular difference, annex 
the quotient to the number corresponding to the logarithm 
next less than the given logarithm, and place the decimal 
point according to the law for the characteristic. 

12. Examples. 

1. What number corresponds to logarithm 4.55703 ? 

Ans. 36060. 

2. What number corresponds to logarithm 3.95147 ? 

Ans. 8942.8. 

3. What number corresponds to logarithm 2.41130? 

Am. .025781. 
S. N. 2. 
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4. What number corresponds to logarithm 1.48237? 

Ans. .30365. 
6. What number corresponds to logarithm 3.63025? 

Am. .0042683. 

MULTIPLICATION BY LOGARITHMS. 

13. Proposition. 

The logarithm of the product of two numbers is equal to 
the sum of their logarithms, 

r (1) 6' — m; then, by def., log m = x. 
Let ] 

( (2) 6' = n; then, by def., log n = y. 

(1)X(2) = (3) b'^^ = mn; then, by def., log mn=x-\-y. 

. • . log mn^= log m -f log n, 

14. Rule. 

1. Find the logarithms of the fax^tors and take their sum^ 
which icill he the logarithm of the product. 

2. Find the number corresponding which will he their 
jiroduct 

15. Examples. 

1. Find the product of 57846 and .003927. 

log 57846 =^.76228 
log .003927 =3^59406 
log product = 2.35634, . • . product ^ 227.16. 

2. Find the product of 37.58 and 75864. 

Ans. 2851000. 

3. Find the product of .3754 and .00756. 

Ans, .002838. 
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4. Find the product of 999.75 and 75.86. 

Am. 75831.667. 
6. Find the product of 85, .097, and .125. Ans, 1.03062. 

DIVISION BY LOGARITHMS. 

16. Proposition. 

The logarithm of the quotient of two numbers is equal to 
the logarithm of the dividend minus the logarithm of the 
divisor. 



i: 



(1) b' = m; then, by def., log m = x. 
Let ] 

(2) b* — - n; then, by def., log n = y. 



(l)-^(2)=.(3) 6^' = ^; then, by def., log ^ = a; -y. 
. • . log — = log m — log n. 

17. Rule. 

1. Find the logarithms of the numbers^ subtract the loga- 
rithm of the divisor from the logarithm of the dividend, and 
the remainder will be the logarithm of the quotient, 

2. Find the number corresponding which will be the 
quotient 

18. Examples. 

1. Divide 73.125 by .125. 

log 73.125 =L86407 
log .125 = T09691 
log quotient = 2.76716, . • . quotient = 585. 

2. Divide 7.5 by .000025. Ans. 300000. 

3. Divide 87.9 by .0345. Ans, 2547.824. 

4. Divide .34852 by .00789. Ans, 44.171. 

5. Divide 85734 by 12.7523. Ans. 6723. 
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ARITHMETICAL CX)MPLEMENT. 

19. Definition. 

The arithmetioal oomplement of a logarithm is the 
result obtained by subtracting that logarithm from 10. 
Thus, denoting the logarithm by Z., and its arithmetical 
complement by a. c, Z., we shall have the formula, 

a. c, i. = 10— i. 

The arithmetical complement of a logarithm is most 
readily found by commencing at the left of the loga- 
rithm, and subtracting each digit from 9 till we come 
to the last numeral digit, which must be subtracted 
from 10. 

Thus, to find the a. c. of 3.47540, we say; 3 from 9, 
6; 4 from 9, 5; 7 from 9, 2; 5 from 9, 4; 4 from 10, 6; 
from 0, 0. 

.-. a. c. of 3.47640 = 6.52460. 

20. Proposition. 

The difference of tiw logarithms is equal to the minuend^ 
plus tlw arithmetical complement of the subtrahend^ minus 10. 

For, Z — r=Z + (10 — r) — 10. 

It is convenient to use the a, c, in division when 
either the dividend or the divisor is the indicated 
product of two or more factors. Thus, let it be re- 
quired to find X in the proportion: 

37.5 : 678.5 :: 27.56 : .; .-. , = ^^.X 2L5_6. 

, • , log X = log 678.5 + log 27.56 + a. c. log 37.5 — 10. 

log 678.5 = 2.83156 

log 27.56 = 1.44028 

a. clog 37.5 = 8.42597 

log X =2.69780 .-. a; = 498.656. 
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21. Examples. 

1. Given 125.5 : .0756 ::x: .0034532, to find x. 

Am, 6.7325. 

2. Given 843 : a; : : 732.534 : .759, to find x. 

Am, .87346. 

3. Given x : .034 : : .784 : .00489, to find x. 

Am. 5.451125. 
. ^. 32.015 X .874 ... . . ._^ 

^' ^'^^^ ^^ .000216X90257 ^ ^ ^^^ ^- ^^- ^•^^^^• 

5. Given .763 X 12.234 : 87.5 X 3.7547 : : 56.5 : x, to 
find X. Am. 2014.96. 
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22. Proposition. 

The logarithm of any power of a number is equal to the 
logarithm of the number multiplied by the exponent of the 
power. 

Let (1) b' =n; then, by def., log n =x, 
(iy=(2) b'"=n''; then, by def., log n''=px. 
, ' . log n^ =p log n, 

23. Rule. 

1. Find the logarithm of the number and multiply it by 
the exponent of the power, and the product will be the loga- 
rithm of the power, 

2. Find the number corresponding which will be the power. 

24. Examples. 

1. Find the cube of .034. 

(1) log .034 =2:53148 
(1) X 3 = (2) log .0348= 5.59444 . • . .0343= .000039305. 

2. Find the square of 25.7. Am. 660.47. 
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3. Find the fourth power of .75. Ans. .3164. 

4. Find the cube of 8.07. Am, 525.55. 
6. Find the fifth power of .9. Am, .69047. 

EVOLUTION BY LOGARITHMS. 

25. Proposition. 

The logarithm of any root of a number is equal to the 
logarithm of the number divided by the index of the root 

Let (1) b' = n; then, by def, log n = x, 

l7(l) = (2) b'r =\/n; then, by def., log l/^ = — • 

r/— log n 
o r 

26. Rule. 

1. Find the logarithm of the number , divide it by the 
index of the rooty and the quotient will be the logarithm 
of the root. 

2. Find the number corresponding which will be the root, 

27. Examples. 

1. Extract the square root of .75. 

(1) log .75=T.87506 

(1) -f- 2 = (2) log 1/75 =r93753 . • . l/75 = .86602. 
Scholium. L87506 -r- 2 = (2 + 1.87506) -f- 2 =T.93753. 

2. Extract the cube root of 91125. Am. 45. 

3. Find the value of | Vb'. Am. .89443. 

4. Extract the fifth root of .075. Am. .59569. 



6. Find the value of ' / 37.5 X (.78 )^ ^^. .676317. 

12.5 X 5.9 
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TRIGONOMETRY. 

28. Definition and Classification. 

Trigonometry is that branch of Mathematics which 
treats of the solution of triangles. 

Trigonometry is divided into two branches — Plane 
and SphericaL 

PLANE TRIGONOMETRY. 

29. Definition. 

Plane Trigonometry is that branch of Trigonometry 
which treats of the solution of plane triangles. 

30. Parts of a Tiiangle. 

Every triangle has six parts — three sides and three 
angles. 

If three parts are given, one being a side, the re- 
maining parts can be computed. 

If the three angles only are given, the triangle is 
indeterminate, since an infinite number of similar 
triangles will satisfy the conditions. 

31. Sexagesimal Division of Angles and Arcs. 

The horizontal diameter, P, called the primary di- 
ameter, and the vertical diameter, 
0' P', called the secondary diameter, 
divide the circumference into four 
equal parts, called quadrants. 

(7 is the first quadrant, 0' P the 
second, P P' the third, and P' the 
fourth. 
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A degree is one-ninetieth of a right angle, or of a 
quadrant. 

A minute is one-sixtieth of a degree. 

A second is one-sixtieth of a minute. 

Thus, 26° 34' 46" denote 26 degrees, 34 minutes, and 
46 seconds. 

An angle, whose vertex is at the center, has the 
same numerical rtieasure, or contains the same number/ j 
of degrees, minutes, and seconds, as the arc of the 
circumference intercepted by its sides. 

32. Centesimal Diyision of Angles and Arcs. 

A grade is one-hundreth of a right-angle, or of a 
quadrant. 

A minute is one-hundreth of a grade. 

A second is one-hundreth of a minute. 

Thus, 7^ 24^ 40^^ denotes 7 grades, 24 minutes, and 
40 seconds. 

^ ^y ^-"=27"' ^ =-8r' 

^ "10 50 ' ~"250' 

Let d, m, 8, respectively, denote an angle expressed 
in degrees, sexagesimal minutes and seconds, and let 
g, ju, ff, respectively, denote the same angle expressed 
in grades, centesimal minutes and seconds, then ex-^ 
pressing the ratio of the angle to a right angle in 
each kind of units, we shall have: 



d g m 
90 ""100* 5400" 


"lOOOO' 


8 9 

324000 1000000 | 


••• '^-IQ^' 


27 „ 


81 „ 
* = 250"' 


10^ 


'*=27^' 


250- 
"=81*- 
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Let r denote the radius, and 7r=3. 14159265358979... 
TT r = a semi-circumference = 180° = 200' = two right 
angles. 

-^ r z= a quadrant = 90** = 100» = one right angle. 

2 TT r = a circumference = 360° = 400* = four right 
angles. 

If r = 1, the above expressions become, respectively, 

TT 
TT, — , 2 ft. 

33. Unit of Circular Measure. 

The unit of circular measure is that angle at the 
center whose intercepted arc is equal in length to the 
radius. 

Let u denote the unit of circular measure, and r the 
radius. 

Then, since nr = the semi-circumference, nu = 180° 
= 200^. 

180° ^„« .....^.. 200^ 



u = 



= 57°. 29577951 ..=^^^^=63^ 6619772 . . . 



71 77 

Let d, ^, c, respectively, denote the number of 
degrees, grades, and units of circular measure in an 
angle; then, 

, 180 200 7r , TT 

^ = -^^' ^ = -^'^ ' = I80^' "=200^- 



34. Origin, Termini and Situation of Arcs. 

The origiiL of an arc is the extremity at which it 
begins. 

The primary origin of arcs is at the right extremity 
of the primary diameter. 

The secondary origin of arcs is at the upper extremity 
of the vertical diameter. 
S. N. 3. 
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The terminus of an arc is the extremity at which 
it ends. 

An arc is said to be situated in 
that quadrant in which its ter- 
minus is situated, thus: 

The arc OT is in the first quad- 
rant. 

The arc OCT' is in the second 
quadrant. 

The arc OPT'^ is in the third quadrant. 
The arc OPT" is in the fourth quadrant. 

35. Positiye and Negatiye Arcs. 

. Positive arcs are those which are estimated in the 
direction contrary to that of the motion of the hands 
of a watch. 

Heg^ative arcs are those which are estimated in 
the same direction as that of the motion of the hands 
of a watch. 

Thus, or, 0T\ OT", OT"', estimated to the left, 
are positive, and 6T"\ OT", 0T\ OT, estimated to 
the right, are negative. 

36. The Complement of an Arc. 

The complement of an arc or angle is 90° minus that 
arc or angle. 

If the arc or angle is less than 90**, its comple- 
ment is positive. 

If the arc or angle is greater than 90®, its comple- 
ment is negative. 

The complement of an arc, geometrically considered, 
is the arc estimated from the terminus of the given 
arc to the secondary origin. Therefore, by the preced- 
ing article, the complement of an arc will be positive 
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or negative, according as the arc is less or greater 
than 90°. 

TO' is the complement of OT, and is positive. 

T'O' is the complement of OT', and is negative. 

T"0' is the complement of OT", and is negative. 

T"'0' is the complement of OT'", and is negative. 

37. The Supplement of an Arc. 

The supplement of an arc or angle is 180° minus 
that arc or angle. 

If the arc or angle is less than 180°, its supple- 
ment is podtive. 

If the arc or angle is greater than 1^0°, its supple- 
ment is negative. 

The supplement of an arc, geometrically considered, 
AS the arc estimated from the terminus of the given 
arc to the left-hand extremity of the primary diameter. 
Therefore, by article 35, the supplement of an arc will 
''^e positive or negative, according as the arc is less or 
>^reater than 180°. 

TP is the supplement of OT, and is positive. 

T'P is the supplement of 0T\ and is positive. 

r"P is the supplement of OT", and is negative. 

r"'P is the supplement of OT'", and is negative. 

TRIGONOMETRICAL FUNCTIONS. 

S8. Preliminary Definitions and Remarks. 

1. A function of a quantity is a quantity whose value 
depends on the given quantity. 

2. The trigonometrical functions, called also circular 
functions, are auxiliary lines, which are functions of 
an arc or of the angle which has the same measure as 
that arc. 
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3. These functions are eight in number, and are 
called the dne^ c(h»iney versed-sine, co-versed-sine, tangent, 
co-tangent, secant and co-secant, which are abbreviated 
thus, sin, cos, vers, covers, tan, cot, sec, cosec, 

4. The solution of triangles is accomplished by the 
aid of these functions, since they enable us to ascertain 
the relations which exist between the sides and angles 
of triangles. 

5. The primary origin will be taken as the common 
origin of the arcs, unless the contrary is stated. 

6. The origin of any arc, wherever situated, may be 
considered the primary origin of that arc ; and its sec- 
ondary origin is a quadrant's distance from the primary 
origin, in the direction of the positive or negative arcs, 
according as the given arc is positive or negative. 

7. An arc will be considered positive unless the con- 
trary is stated. 

8. The primary diameter passes through the primary 
origin; and the secondary diameter, through the sec- 
ondary origin. 

9. Lines estimated upward^ toward the right, or from 
the centvr tovxird the terminus of the arc, are considered 
positive, 

10. Lines estimated downward, toward the left, or from 
the center and the terminus of the arc, are considered 
negative, 

11. The limiting values of the circular functions are 
their values for the arcs 0°, 90°, 180°, 270°, 360°. 

12. The sign of a varying quantity, up to a limit, 
is its sign at the limit. 

13. Point out positive arcs in the following diagram, 
and the origin and terminus of each. 

14. Point out negative arcs, the origin, terminus and 
primary diameter of each. 

16. Point out the positive lines, also the negative. 
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39. The Sine of an Arc. 

The sine of an arc is the perpendicular distance of its 
terminus from the primary diameter. 

MT is the sine of the arc OT, n' 

M'T' is the sine of the arc 0T\ 

M'T" is the sine of the arc OT". 

MT'" is the sine of the arc 0T"\ 

By the arcs OT" and OT'", we are 
to understand the positive arcs, and 
not the negative arcs designated by 
the same letters. 

The sine of an arc is the sine of the angle measured 
by that arc. 

Thus, MTj the sine of the arc OT, is the sine of 
the angle OCT, which is measured by the arc OT; 
and similarly for the other arcs and angles. 

The arcs OT and OT' are in the first and second 
quadrants, respectively, and their sines MT and 
M'T' are estimated upward, and are therefore positive; 
hence, 

The sine of an arc in the first or second quadrant is 
positive. 

The arcs OT" and OT"' are in the third and 
fourth quadrants, respectively, and their sines, M' T" 
and MT"\ are estimated downward^ and are there- 
fore negative; Hence, 

The sine of an arc in the third or fourth quadrant is 
negative. 

Let the chord TT' be parallel to the primary diame- 
ter OP, then will M' T' be equal to MT, and the arc 
OT will be equal to the arc T[P; but the arc T' P 
is the supplement of the arc OT'; therefore, the arc 
OT is the supplement of the arc OT'; but M' T', 



80 TRIGONOMETRY, 

the sine of the arc 0T\ is equal to MT^ the sine oT 
the arc OT, the supplement of OT'; hence, 

The sine of an arc is equal to the sine of Us supplement 
The sine of 0® is 0. As the arc increases from 0** 
to 90®, the sine, increases from to +1. As the arc 
increases from 90® to 180°, the sine decreases from -fl 
to +0. As the arc increases from 180° to 270°, the 
sine passes through 0, changes its sign from + to — , 
and increases numerically, but decreases algebraically 
from — to — 1. As the arc increases from 270° to 
3()0°, the sine decreases numerically, but increases al- 
gebraically from — 1 to — 0. 

Hence, for the limiting values of the sine, we have 
sin 0° = 0, sin 90° = + 1, sin 180° =^ + 0, 

sin 270° =--- — 1, sin 360° =r= — 0. 

.40, The Co-sine of an Arc, 

The co-sine of an arc is the perpendicular distance 
of its terminus from the secondary diameter. 

NT is the co-sine of the arc OT, 
NT' is the co-sine of the arc 0T\ 
N'T" is the co-sine of the arc 0T'\ 
N'T'" is the co-sine of the arc OT'", 
The arcs OT and OT'" are in the 
first and fourth quadrants, respective- 
ly, and their co-sines NT and N'T'" 
are estimated toward the right, and are therefore jjosi- 
live; hence, 

The co-sine of an arc in the first or fourth quadrant is 
positive. 

The arcs OT' and OT" are in the second and third 
quadrants, respectively, and their co-sines, AT' and 
N'T", are estimated toward the left, and are therefore 
negative; hence, 
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The co^ne of an arc in the second or' third quadrant is 
negative. 

The word cosine is an abbreviation of complementi 
sinus, the sine of the complement. In fact^ NT, the 
co-sine of OT, is the sine of OT, the complement of 
OT; hence, 

The cosine of an arc is the sine of its complement. 

MT, the sine of OT, is the co-sine of OT, the com- 
plement of OT; hence, 

The sine of an arc is the co-sine of its complement. 

Since the radius Cff is perpendicular to the chord 
TT', NT and NT' arq numerically equal; but since 
NT is estimated toward the right, and NT' toward 
the left, they have contrary signs; hence, NT= — NT'; 
but NT is the co-sine of OT, and NT' is the co-sine 
of OT', the supplement of OT; hence. 

The cosine of an arc is eqvxil to minus the cosine of its 
supplement. 

It is evident that CN is equal to the sine of OT, 
or of OT', and that CN' is equal to the sine of OT", 
or of OT'"; hence, 

The sine of an arc is equxd to that part of the secondary 
diameter from the center to the foot of the cosine. 

It is evident that CM is equal to the co-sine of OT, 
or of OT'', and that CM' is . equal to the co-sine of 
OT' or of OT"; hence. 

The cosine of an arc is equal to that part of the primary 
diameter from the center to the foot of the sine. 

The co-sine of 0° is + 1- As the arc increases from 
0° to 90°, the co-sine decreases from + 1 to -f 0. As 
the arc increases from 90° to 180°, the co-sine passes 
through 0, changes its sign from + to — , and increases 
numerically, but decreases algebraically from — to 
— 1. As the arc increases from 180° to 270°, the co- 
sine decreases numerically, but increases algebraically 
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from — 1 to — 0. As the arc increases from 270® to 
360®, the co-sine passes through 0, changes its sign from 
— to +, and increases from + to + 1. 

Hence, for the limiting values of the co-sine, we have 
cos 0® = + 1, cos 90® = + 0, cos 180® = — 1, 

cos 270® = — 0, cos 360® = + 1. 

41. The Tersed-Sine of an Arc. 

The versed-sine of an arc is the perpendicular dis- 
tance of the primary origin from 
the sine. 

MO is the versed-sine of the arc 
or, and of the arc OT'". 

M^O is the versed-sine of the arc 
0T\ and of the arc OT". 

The versed-sine of an arc, in any 
quadrant, is estimated to the rights and is therefore 
positive; hence. 

The versed-dne is always positive. 

The versed-sine of 0® is 0. As the arc increases from 
0® to 90®, the versed-sine increases from to + !• As 
the arc increases from 90® to 180®, the versed-sine in- 
creases from + 1 to + 2. As the arc increases from 180® 
to 270®, the versed-sine decreases from + 2 to + 1. As 
the arc increases from 270® to 360®, the versed-sine 
decreases from + 1 to + 0. 

Hence, the limiting values of the versed-sine are 
vers 0® =0, vers 90® =+ 1, vers 180® = + 2, 

vers 270® = + 1, vers 360® = + 0. 

What are the least and greatest values of the sine, 
and what are the corresponding arcs? 

What are the least and greatest values of the co-sine, 
and what are the correspondiug arcs? 

What are the least and greatest values of the versed- 
sine, and what are the corresponding arcs? 
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42. The Co-yersedHsine of an Arc. 

The co-versed-sine of an arc is the perpendicular dis- 
tance of the secondary origin from the co-sine. 

Thus, see diagram of the last article, NC/ is the co- 
versed-sine of the arc OT, and of the arc OT'; N'ff 
is the^ CO- versed-sine of the arc OT", and of the arc 

or". 

The co-versed-sine of an arc in any quadrant is esti- 
mated upwardy and is therefore positive; hence, 

The co-versed'Sine is always positive. 

The word co^versedrsine is an abbreviation of compU' 
menti versatus sinuSy the versed or turned sine of the com- 
plement. In fact, NC/y the co-versed-sine of OT, is the 
versed-sine of OT, the complement of OT; hence, 

The co-versed-sine of an arc is the versed-sine of its comr 
plement 

MO, the versed-sine of OT, is the co-versed-sine of 
OT, the complement of OT; hence. 

The versedr^ine of an arc is the co-versed-sine of its comr 
plement. 

The CO- versed-sine of 0° is 1. As the arc increases 
from 0° to 90°, the co-versed-sine decreases from + 1 to 
+ 0. As the arc increases from 90° to 180°, the co- 
versed-sine increases from + to + 1- As the arc in- 
creases from 180° to 270°, the co-versed-sine increases 
from -f 1 to + 2. As the arc increases from 270° 
to 360°, the co-versed-sine decreases from +2 to -f 1. 
Hence, the -limiting values of the co-versed-sine are, 
covers 0° = + 1, covers 90° = + 0, covers 180° = + 1, 
covers 270° = + 2, covers 360° = + 1. 

What are the least and greatest values of the co- 
versed-sine, and what are the corresponding arcs? 

Trace the arcs from 0° to 360°, and the changing 
functions. 
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43. The Tangeift of an Arc. 

The tang^ent of an arc is the perpendicular to the 
primary diameter, produced from the primary origin, 
till it meets the prolongation of the diameter through 
the terminus of the arc. 

OR is the tangent of the arcs OT 
and OT". 

OR is the tangent of the arcs OT' 
and OT'". 

The arcs OT and OT" are in the 
first and third quadrants, respectively, 
and their tangent, 0/2, is estimated upward^ and is 
therefore positive; hence. 

The tangent of an arc in the first or third quadrant is 
positive. 

The arcs OT' and OT'" are in the second and fourth 
quadrants, respectively, and their tangent, OR', is es- 
timated downward^ and is therefore negative; hence. 

The tangent of an arc in the second or fourth quadrant ii 
negative. 

Let the arc OT be equal to the arc T'P. Then, 
since T'P is the supplement of OT', OT will be the 
supplement of OT'; but the arc T'"0 is the su\y- 
plement of OT'; hence, OT=T"'0. and the angle 
OCT is equal to the angle OCT'". The angle COR 
is equal to the angle COR', since each is a right 
angle. Hence, the two triangles COR and COR' have 
two angles, and the included side of the one equal 
to two angles and the included side of the other, each 
to each, and are therefore equal in all their parts. 
Hence, OR, opposite the angle OCR, is equal to OR', 
opposite the equal angle OCR'. Since OR is esti- 
mated upward, and OR' downward, they have contrary 
signs; hence, OR =^ — OR', But OR is the tangent 
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of the arc OT, and OR is the tangent of the arc 0T\ 

the supplement of OT; hence, 

The tangent of an arc is equal to minvs the tangent of 
its supptennent. 

The tangent of 0° is 0. As the arc increases from 
0° to 90°, the tangent increases from to +oo. As 
the arc increases from 90° to 180°, the tangent passes 
through 00, changes its sign from + to — , and de- 
creases numerically, but increases algebraically from 

— 00 to —0. As the arc increases from 180° to 270°, 
the tangent passes through 0, changes its sign from 

— to +, and increases from + to + oo. As the arc 
increases from 270° to 360^, the tangent passes through 
00, changes its sign from + to — , and decreases nu- 
merically, but increases algebraically from — oo to — 0. 
Hence, for the limiting values of the tangent we have 
tan 0° = 0, tan 90° = + oo, tan 180° == — 0, 
tan 270° = + oo, tan 360° = — 0. 

44. The Co-tangent of an Arc. 

The co-tangent of an arc is the perpendicular to the 
secondary diameter, produced from the secondary origin, 
till it meets the prolongation of the diameter through 
the terminus of the arc. 

as is the co-tangent of OT and OT", 
O'S' is the co-tangent of OT' and 0T''\ 
The arcs OT and OT" are in the first and third 
quadrants, respectively, and their co-tangent, O'S, is 
estimated to the rights and is therefore positive; hence, 

The co-tangent of an arc in the first or third quadrant 
is positive. 

The arcs OT and OT'" are in the second and fourth 
quadrants, respectively, and their co-tangent, &S\ is es- 
timated to the left^ and is therefore negative hence, 
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The €o4angent of an arc in the second or fourth quadrant 
is negative. 

The word co-tangent is an abbreviation of complementi 
tangena, the tangent of the complement. In fact, ffS^ 
the co-tangent of OT, is the tangent of OT, the com- 
plement of OT; hence, 

The co-tangent of an arc is the tangent of its complement, 

OR, the tangent of OT, is the co-tangent of OT, the 
complement of OT; hence, 

Tlie tangent of an arc is the cotangent of its complement. 

Let the arcs OT and T'P be equal. Then, since 
TT is the supplement of 0T\ OT will be the supple- 
ment of OT'. 

The arcs OT and OT' are equal, since they are 
complements of the equal arcs OT and T'P; hence, 
the angles &CT and ffCT\ measured by these equal 
arcs, are equal. The angles CffS and CffS' are equal, 
since each is a right angle. Hence, the two triangles 
CffS and CffS' have the common side Cffy and the 
two adjacent angles equal, and are therefore equal in 
all their parts; and ffS, opposite the angle ffCS, is 
equal to ffS\ opposite the equal angle ffCS\ 

Since O'S is estimated to the right, and ffS' to the 
left, they have contrary signs; hence, ffS= — ffS\ 
But ffS is the co-tangent of OT, and ffS' is the co- 
tangent of or', the supplement of OT; hence, 

The CO- tangent of an arc is equal to minus the co-tangent of 
its supplement. 

The co-tangent of O*" is + oo. As the arc increases 
from 0° to 90°, the co-tangent decreases from + oo to 
4-0. As the arc increases from 90^ to ISO"*, the co- 
tangent passes through 0, changes its sign from + to 
— , and increases numerically, but decreases algebra- 
ically from —0 to —00. As the arc increases from 
180° to 270% the co-tangent passes through oo, changes 
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its sign from — to +, and decreases from + oo to + 0, 
As the arc increases from 270° to 360°, the co-tangent 
passes through 0, changes its sign from + to — , and 
increases numerically, but decreases algebraically from 
— to — 00. 

Hence, the limiting values of the co-tangent are 
cot 0° = + 00, cot 90° = -f 0, cot 180° = — oo, 

cot 270° = + 0, cot 360° = — oo. 

45, The Secant of an Arc. 

The secant of an arc is the line drawn from the center 
of the circle to the terminus of the 
tangent 

CR is the secant of OT and OT". 

CR is the secant of OT' and 0T'\ 

The arcs OT and OT'" are in the 
first and fourth quadrants, respect- 
ively, and their secants, CR and ^ ^»' 

CR are estimated from the center toward the termini 

« 

of the arcs, and are therefore positive; hence, 

The secant of an arc in the first or fourth quadrant is 
positive. 

The arcs OT' and OT" are in the second and third 
quadrants, respectively, and their secants, CR and CR, 
are estimated from the center, from the termini of the 
arcs, and are therefore negative; hence. 

The secant of an arc in the second or third quadrant is 
negative. 

Let the arcs OT and TP be equal. Then, since 
T'P is the supplement of 0T\ OT is the supplement 
of OT'; but T'"0 is the supplement of OT'; therefore, 
T"'0 is equal to OT, and the angle T'"CO, measured 
by T"'Oj is equal to the angle OCT, measured by the 
equal arc OT. The right angles COR and COR' are 
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equal. Hence, in the triangles having the common 
side CO, and the two adjacent angles equal, CR is 
equal to CR'; but CK, the secant of OT, is positive; 
and CR'yiYiQ secant of 0T\ the supplement of OT, is 
negative; hence, CR=^ — CR; hence, 

The secant of an arc is equal to minus the secant of its 
supplement. 

The secant of 0° is + 1. As the arc increases from 
0° to 90°, the secant increases from + 1 to + oo. As 
the arc increases from 90"^ to 180°, the secant passes 
through 00, changes its sign from + to — , and de- 
creases numerically, but increases algebraically from 
— 00 to — 1. As the arc increases from 180° to 270°, 
the secant increases numerically, but decreases alge- 
braically from — 1 to — 00. As the arc increases from 
270° to 360^, the secant passes through oo, changes its 
sign from — to +, and decreases from + oo to +1. 
Hence, for the limiting values of the secant we have 
sec 0° ^-- + 1, sec 90° =- + oo, sec 180^ = — 1, 

sec 270' = — 00, sec 360^ = + 1. 

46, The Co-secant of an Arc. 

The co-secant of an arc is the line drawn from the 
center of the circle to the terminus 
of the co-tangent. 

CS is the co-secant of OjT and OT", 

CS' is the co-secant of OT' and OT'". 

The arcs OT and OT' are in the 
first and second quadrants, respect- 
ively, and their co-secants CS and CS" 
are estimated from the center toward the termini of 
the arcs, and are therefore podtlve; hence. 

The co-secant of an arc in the first or second quadrant 
is positive. 
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The arcs OT" and OT'" are in the third and fourth 
quadrants, respectively, and their co-secants, CS and 
CS^y are estimated from the center and the termini of 
the arcs, and are therefore negative; hence. 

The co-secant of an arc in the third or fourth quadrant 
is negative. 

The word co-secant is an abbreviation of complementi 
secans, the secant of the complement. In fact, CS, the 
co-secant of 01\ is the secant of (JT, the complement 
of OT; hence. 

The co-secant of an arc is the secant of its complement. 

CR, the secant of OT, is the co-secant of O'T, the 
complement of OT; hence. 

The secant of an arc is the co-secant of its complement. 

Let the arcs OT and T'P be equal. Then, since TT 
is the supplement of 0T\ OT will be the supplement 
of 0T\ 0'T=^ OT', since they are complements of 
equal arcs. Hence, the angle OCT, measured by the 
arc O'T, is equal to the angle OCT', measured by 
the equal arc OT'. Tlie right angles, COS and COS', 
are equal. 

Hence, in the triangles having the common side CO', 
and the two adjacent angles equal, CS is equal to 
CS'; but CS is the co-secant of OT, and positive, and 
CS' is the co-secant of OT', and positive; hence. 

The co-secant of an arc is equal to the co-secant of its 
supplement, ~ * . 

The co-secant of 0^ is +00. As the arc increases 
from 0° to 90°, the co-secant decreases from -h "^ to -f .1. 
As the arc increases from 90° to ISO"*, the co-secant in- 
creases from -h 1 to + 00. As the arc increases from 
180° to 270"^, the co-secant passes through c», changes 
its sign from + to — , and decreases numerically, but 
increases algebraically from — 00 to — 1. As the arc 
increases from 270° to 360^, the co-secant increases 
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numerically, but decreases algebraically ftoin — 1 to 
— 00. Hence, the limiting values of the co-secant are 
cosec 0° = -|-oo, cosec 90° = + 1, cosec 180° = + oo, 
cosec 270^ == — 1, cosec 360° = — oo. 

To aid the memory, and for convenience of reference, 
we give the following tabular summaries: 

47. Signs of the Circular Functions. 



Functions. 


Utq, 


2dq. 


Mq, 


4th q. 


sine. 


+ 


+ 


— 


— 


co-sme. 


+ 


— 


— 


-h 


versed-sine. 


+ 


+ 


+ 


+ 


co-versed-sine. 


+ 


+ 


+ 


+ 


tangent. 


+ 


— 


+ 


— 


co-tangent. 


+ 


~ 


+ 


— 


secant. 


+ 


— • 


— 


+ 


co-secant. 


+ 


+ 


— 


— 



48. Limiting Talues of tlie Circular Functions. 



0^ 


90° 


180° 


270° 


360° 


sin = + 


sin =+ 1 


sin =+0 


sin = — 1 


sin = — 


cos = + 1 


cos =+0 


cos =— 1 


cos = — 


cos =+ 1 


vsin== + 


vsin=+ 1 


vsin=+2 


vsin=+ 1 


vsin=+ 


CVS = + 1 


CVS =+0 


CVS =+ 1 


CVS =+ 2 


CVS =+ 1 


tan = + 


tan =+ oc 


tan =— 


tan =+00 


tan =—0 


cot = + 00 


cot =+0 


cot = 00 


cot =+0 


cot = — 00 


sec = + 1 


sec =+00 


sec =— 1 


sec =: — 00 


sec =+ 1 


cose = + 00 cose =+1 


cose=+ 00 


cose=— 1 


cose= — 00 
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49. Problem. 

To find any Junction of an angle to the radius JB, in 
terms of the corresponding furwtion of the mme angle to the 
radius 1, and the reverse. 

Let sin C^ denote sin C to 
the radius CT = 1, and sin Cm 
denote sin C to the radius 

cr = R, 

From similar triangles, ^' 

CT : Cr :: MT : M'T\ 
or 1 : R : : sin C^ : sin Cb- 

.-.(1) sinC7^ = sinCiX-R. .'.(2) sin Ci=5^^. 

K 

Let formulas for other functions be deduced; hence, 

1. Any function of an angle to the radius R is equal to 
the corresponding function of the same angle to the radius 
1, multiplied by R. 

2. Any function of an angle to the radius 1 is equal to 
the corresponding function of the same angle to the radius 
R, divided by JB. 



TABLE OF NATURAL FUNCTIONS. 
50. Description of the Table. 

This table gives, to the radius 1, the values of the 
sine, co-sine, tangent, and co-tangent, to five decimal 
places, for every Iff from 0° to 90°. 

For sines and tangents, the degrees are given in the 
left column, and the minutes at the top. 

For co-sines and co-tangents, the degrees are given in 
the right-hand column, and the minutes at the bottom. 
S. N. 4. 
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51. Problem. 

To find the natural sine, cosine, tangent, or co-tangent 
of a given arc or angle. 

Let us find the natural sine of 35° 42' 24". 
The diflference between the natural sines of 35° 40' 
and 35° 50', as given in the table, is .00236. Now 
2' 24" = .24 of 10', which is found thus: 60 24 

10 2.4 
.24 

Then take Nat sin 35° 40'= .58307 

Correction for 2' 24 ' = .00236X.24 = .00057 

. •. Nat sin 35° 42' 24"= .58364 

In case of co-sine or co-tangent, the correction must 
be subtracted, since, between 0° and 90°, the greater 
the angle, the less the co-sine and co-tangent. 

52. Examples. 

1. Find the natural sine of 75° 45' 30'. 

Ans, .96927. 

2. Find the natural co-sine of 15° 36' 12". 

Am. .96315. 

3. Find the natural tangent of 43° 33' 18". 

Arts, .95079. 

4. Find the natural co-tangent of 84° 28' 30", 

Ans, .09673. 

53. Problem. 

To find the angle corresponding to a given natural sine, 
co-dne, tangent, or co-tangent. 

1. Find the angle corresponding to the natural sine 
.50754. 

Looking in the table we find the angle 30° 30^. 
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2. Find the angle whose natural sine = .82468. 
The next less sine, sin 55° 30' = .824 13. 

Difference = 66 
Difference corresponding to 10' = 164 

. • . Correction = 10* X ~r, -- 3' 21". 
164 

. • . Angle == 55° 30' + 3' 21" = 55° 33' 21". 

In case of co-sine and co-tangent, the angular differ- 
ence must be subtracted, since the greater the co-sme 
or co-tangent, the less the angle, for values between 0^ 
and 90°. 

54. Examples. 

1. Find the angle whose sine is .75684. 

Ans. 49° 11' 13". 

2. Find the angle whose co-sine is .67898. 

Ans. 47° 14' 10". 

3. Find the angle whose tangent is 1.34567. 

Am. 53° 22' 59". 

4. Find the angle whose co-tangent is .98765. 

Am. 45° 21' 22''. 



TABLE OF LOGARITHMIC FUNCTIONS. 

55. Deseription of the Table. 

The table of logarithmic functions gives to the radius 
10,000,000,000 the logarithm of the sine, co-sine, tangent, 
and co-tangent, for every minute, from 0° to 90°. 

The expression, logarithmic sine, tangent, etc., is equiv- 
alent to the logarithm of the sine, of the tangent, etc. 

For sines and tangents, the degrees are given at the 
top of the page, and the minutes in the left-hand 
column. 
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For co-sines and co-tangents, the degrees are given at 
the bottom of the page, and the minutes in the right- 
hand column. 

The columns marked D V contain the difierence 
for 1". 

&6. Problem. 

Find the logarithmic sine of 48° 25' 30". 

log sin 48° 25'= 9.87390. 
D r=:.19. .-. Correc. for 30" = .19x30= 6 

. •. log sin 48° 25' 30" =9.87396 

In case of co-sine or co-tangent, the correction must 
be subtracted, since between 0° and 90°, the greater the 
angle, the less the co-sine and co-tangent. 

57. Examples. 

1. Find the logarithmic sine of 75° 35'. 

Ans, 9.98610. 

2. Find the logarithmic sine of 25° 40' 24". 

Arts, 9.63673. 

3. Find the logarithmic co-sine of 29° 55' 55". 

Am. 9.93782. 

4. Find the logarithmic tangent of 50^ 50' 50". • 

Ans. 10.08927. 
6. Find the logarithmic co-tangent of 65° 45' 30". 

Am. 9.65349. 

68. Problem. 

To find the angle corresponding to a given logarithmic 
sine, co-dne, tangent, or co-tangent 
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Find the angle whose logarithmic sine = 9.84567 
For next less we have sin 44° iOf = 9.84566 



D r = .21 . • . Correc. = 1" X -gj = S"> .21)1.00(5. 
.-. Angle = 44° 30^ 05". 

In case of co-sine and co-tangent, the correction for 
seconds must be subtracted, since the greater the co- 
sine or co-tangent, and consequently the greater the 
logarithm, the less the angle for values between 0° 
and 90^ 

59. Examples. 

1. Find the angle whose logarithmic sine is 9.98437. 

Am. 74° 43' 17". 

2. Find the angle whose logarithmic co-sine is 9.78456. 

Ans. 52° 29' 19". 

3. Find the angle whose logarith. tangent is 10.12346. 

Ans. 53° 02' 11". 

4. Find the angle whose logarith. co-tangent is 9.99999. 

Ans. 45° 00' 03". 

60. Problem. 

Given any natural function, to find the corresponding 
logarithmic function. 

1st Solution. 

Find from the natural function the corresponamg 
angle; then, from the angle, the corresponding loga- 
rithmic function. 

2d Solution. 

Let a denote any arc or angle, /(a)i any function 
of a to the radius 1, and /(a)jj the corresponding 
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function of a to the radius K Then, by article 49 
we have, 

Substituting the value of R in the second meriber, 
f(a)ji =f(a)^X 10,000,000,000. 
.'. log/(a)^=log/(a)»4-10. 
Hence, Add 10 to the logarithm of the natural function. 

61. Examples. 

1. Given nat. sin a = .98457, required a and lOg 
sin a. Ans. a = 79° 55' 25", log sin a = 9.99325. 

2. Given nat. cos a = .63878, required a and log 
cos a. Am. a = 50° 17' 52", log cos a = 9.80536. 

3. Given nat. tan a = 1.68685, required a and log 
tan a. Ans, a = 59° 20 23", log tan a = 10.22708. 

4. Given nat. cot a ==1.41987, required a and log 
cot a. Am. a = 35° 09' 24", log cot a = 10.15225. 

62. Problem. 

Criven any loganthmic function^ to find the corresponding 
Tiatural function, 

1st Solution. 

Find from the logarithmic function the correspond- 
ing angle; then, from the angle, the corresponding 
natural function. 

2d Solution. 
From article 49 we have, 

.: log /(a) , = log /(a),— 10. 
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Hence, Svbtract 10 from the logarithmic Junction^ and find 
the number corresponding to the resulting logarithm. 



63. Examples. 

1. Given log sin a = 9.87654, required a and nat. 
sin a, Ans. a =48° 48' 44", nat. sin a ==.75255. 

2. Given log cos a = 9.84877, required a and nat. 
cos a. Ans, a = 45° 05' 41", nat. cos a = .70595. 

3. Given log tan a = 10.22708, required a and nat. 
tan a. Ans, a = 59° 20' 23", nat. tan a =1.68685. 

4. Given log cot a = 10.15225, required a and nat. 
cot a. Ans. a = 35° 09' 24", nat. cot a = 1.41987. 

RIGHT TRIANGLES. 



64. Principles. 

PB : PK : : HB : MK, 
or h : I : : p : sin P. 

BP : BR : : HP : SR, 
OT h : 1 : : b : sin B, 




V MX 



(1) 



p = h sin P. 



b = h sin B. 



(2) 



sin P=^' 



sin 5 = ^. 
a 



1. Either side adjacent to the right angle is equal to the 
sins of the opposite angle multiplied by the hypotenuse. 

2. The sine of either acute angle is Cfjual to the opposite 
side divided by the hypotenuse. 
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Since the angles P and B are complements of each 
other, sin P=cos B, and sin -B = co8 P; .*. (1) and 
(2) become, 



(3) 



p=^h om B, 



b=ih C08 P. 



and (4) 



cos B=^^' 
a 

COS P= -r-' 

a 



3. Either side adjacent to the right angle is equal to the 
co^n^ of the adjacent acute angle multiplied by the hypot- 
enuse. 

4. The co-sine of either a/yuJte angle is equal to the adjor 
cent side divided by the hypotenuse, 

PH : PN : : HB : NL, orb : 1 :: p : tan P. 

BH : BT : : HP : TQ, or p : 1 : :. 6 : tan B. 



(5) 



p=:b tan P. 
b=p tan B, 



(6) 



tan P=^. 



tan B= — . 



5. Either side adjacent to the right angle is equal to the 
tangent of the opposite angle multiplied by the other side, 

6. The tangent of either acute angle is equal to the oppo- 
site side divided by the adjacent side. 

Since the angles P and B are complements of each 
other, tan P=cot P, and tan P = cot P; .*. (5) and 
(6) become. 



(7) 




cot B^ 



P 



and (8) 



cot P = ~ 
P 



7. Either side adjacent to the right angle is equal to the 
co-tangent of the adjacent acute angle multiplied by the 
other side. 
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8. TJie co-tangent of either acute angle is equal to the 
adjacent side divided by the opposite side. 

BH : BT : ; BP : BQ, or p : 1 : : h : sec B, 

PH : PN : : PB : PL, or 6 : 1 : : A : sec P. 

( P = D- ) f 8ecB = — 

I b = -K' I I 8ecP=|. 

y &ec P J V b 

9. Either side adjacent to the right angle is equal to 
the hypotenuse divided by the secant of the adjacent acute 
angle, 

10 The secant of either acute angle is equal to the hypot- 
enuse divided by the adjacent side. 

Since the angles B and P are complements of each 
other sec B = cosec P, sec P=cosec B; .*. (9) and 

(10) become, 

\ p= 5^- I j cosecP=— . 

(11) \ "^l ^ I and (12) \ ^ 

( 6 = --• I j cosecE = -7-- 

V cosec B J V 6 

11. Either side adjacent to the right angle is equal to the 
hypotenuse divided by the co-secant of the angle opposite 
that side, 

12. The co-secant of either acute angle is equal to the 
hypotenuse divided by the side opposite that angle. 

Scholium, By some authors, principles 2, 4, 6, 8, 10, 
and 12, have been given in the form of definitions. 

Introducing radius into these formulas, by substitut- 
ing for any function to the radius 1, the corresponding 
function to the radius R divided by 5, and reducing, 
we have : 

S. N. 5. 
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_ A sin P \ ( . p_ Rp 

A COS B ^ r p Rp 

_ & tan P \ f ^ p=?P 

^ 6 cot ^ ^ f t5=:— ^ 




(10) 



sec B = - 
P 

sec P=-r ' 



cosec P^^ 

P 

cosec i»=^ T- • 



(12) 
cosec B J V 6 

Applying logarithms to these formulas, we have- 

(1) f log P = ^og A + log sin P— 10. 1 
I log 6 = log h + log sin 5 — 10. J 



log 6 = log h + log sin B 

log sin P= 10+ log p — lo^ 
log sin 5 = 10 + log b — log A. 



(2) / ^^g ®^^ P==10+log p — log A. 1 
I log sin 5 = 10 + log h — log A. / 

(3) / log p = log A + log cos B — 10. 1 
i log 6 = log h + log cos P — 10. i 
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a) / ^^^ ^^^ B = 10+ log jt> — log A. ) 
I log cos P=10+log b —log A. / 

(-5) f log ;> = log b + log tan P — 10. 1 
I log 6 ~ log ;> + log tan £ — 10. J 

(6) / log ^^^ P= 10 + log ;> - log 6. 1 
\ log tan B = 10 + log b — log /). J 

(7) f log ;> = log 6 + log cot P — 10. ) 
\ log 6 — log p + log cot P — 10. / 

.gx ( log cot B = 10 + log p — log b. 1 
I log cot P == 10 + log b — log p, f 

(9) f log ;? == 10 + log A — log sec B, ) 
I log 6 = 10 + log h — log sec P. J 

aO) / ^^^ ^^^ P = 10 + log h — log jo. 1 
I log sec P = 10 + log h — log 6. J 

Cll") / log P = 10 + log h — log cosec P. 1 
\ log 6 = 10 + log h — log cosec B. / 

(12) /^^^ ^^®^^ P= 10 + log A — log ;?. 1 
\ log cosec P r= 10 + log h — log 6. J 

65. Case I. 

Given the hypotenuse and one acute angle, required the 
remaining parts. ^ 

;B. V 

b. h " 

P = 90° — P=90° — 33° 12' = 56° 48'. 

Either side adjacent to the right angle is equal to the sine 
of the opposite angle, multiplied by the hypotenuse, 

. • . pz=h sin P. 



52 TRIGONOMETRY. 

Introducing radius, we have, p ~ — p — • 

Applying logarithms, we have, 

log p = \og h-\- log sin P — 10. 

log h (365) = 2.56229 

log sin P (33° 12') = 9^73843 
log p = 2.30072 . • . p=^ 199.8.'j. 

In like manner, from either formula, b = h sin By 
or 6 = A cos P, we find 6 = 305.41, 

{P= 40° 47' 40". 

rB = 62°21'10". 
3. Given {^= 2195^ „ } RequirJ ;,= 1018.512. 
(P_27 38 50. J U = 1944.364. 



66. Case II. 

Given the hypotenuse and one side adjacent to the right 
angle, required the remaining parts. ^ 

{P. 
B. 

^ 

The sine of either acute angle is eqiial to the apposite 
side divided by the hypotenuse, 

n P 

.'. sm P=^ ' 
fi 

Introducing radius, and multiplying by R, we have, 

. ■ Ep 

sm P=:-^. 

n 
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Applying logarithms, we have, 

log sin P= 10 + log p — log A. 

logp (97) = 1.98677 
log h (112) = 2.04922 
log sin P =9.93756 .-. ^=60" 00" 17". 

B == 90° — P= 90" — 60° (Xy 17" = 29° 69' 43". 

6 = A sin B, or 6 = A cos P, . • . 6 = 66.991. 

We can also find 6 as follows: 



h = l/A« — jj" = l^^A + p) (A —p). 
log 6 = i [ log (A + p) + log Qi-p)-]. 

{J? ^25° 47' 07". 
P=64° 12' 53". 
p = 6545. 



B = 
b = 



P=19° 43' 36". 
70° 16' 24". 
418.33. 



67. Case HI. 

Given one side adjacent to the right angle and one acute 
angle, required the remaining parts. 

1. Given 



{p_Jo°i8'32''.}^^^"^'"-]?- / 



^ H 
B = 90° — P = 90° — 50° 18' 32" = 39° 41' 28". 
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t^her side adjacent to the right angle is equal to the tan- 
gent of the opposite angle mvltiplied by the other side. 

.•. p = b tan P. 

Introducing radius and applying logarithms, as in 
the preceding cases, we find p ~ 183.95. 

Either side adjacent to the right angle is eqiud to the co-sine 
of the adjacent acute angle multiplied by the hypotenuse, 

b 



b = h CO& P; . • . h = 



cos P 



Introducing radius and applying logarithms, as above, 
we shall find h = 239.05. 

o PI n / ^ ~ 3963.35 miles = the earth's radius. 

iP=57' 2.3"= the moon's horizontal parallax. 

Required ^, the distance of the moon from the earth. 

Ans, h = 238889 miles. 

3 6iv n / ^ ~ 3963.35 miles — the earth's radius. 
I P= 8.9" = the sun's horizontal parallax. 

Required h, the distance of the sun from the earth. 

Ans. h = 91852000 miles. 

Scholium, Sin 8.9" = sin 1' X -'-' 

.•/log sin 8.9":= log sin I'+log 8.9 +ax, log 60 — 10. 



68. Case IV. 

Given the two sides adjacent to the right angle, required 
the remaining parts. b 

••«'-{r=a?S:}-^-|f ,. "' 
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The tangent of either acute angle is equal to the opposite 
side divided by the adjacent side, 



Introducing radius and applying logarithms, we shall 
find that Pr=38^ 13' 28". 

£ = 90° — P= 90° — 38° 13' 28" = 51° 46' 32". 

Either side adjacent to the right angle is equal to the sine 
of the opposite angle multiplied by the hypotenuse. 



p ^ h sin P, 



sin P 



Introducing radius and applying logarithms, we find 
A = 47.466. 

B=85°16'23''. 
A = 8401. 

rP = 44°26'17". 

3. Given J J_ J"J- I Required < 5=45" 33' 43". 

^ *-^^- -^ U = 144.253. 

r « = 1728 1 fP=47<'39'07". 

4. Given ^^ ,lf^> Required < 5 = 42" 20' 53". 

16 = 1575. i U^2338.1. 



OBLIQUE TRIANGLES. 

69. Case I. 

Given one side and two angles, required the remaining 
parts. 

Let ABC be an oblique triangle, 
and let the sides opposite the angles 
A, B, and C be denoted respectively ^ 
bj a, b and c. 





66 TRIGONOMETRY. 

Let the angles A and B and the side a be given, 
and the angle C and the sides b and c be required. 

We find C from the formula, 

O=180° — (^ + B). 

Draw the perpendicular p from the vertex C to the 
side c, thus forming two right triangles. There are 
two cases: 

let. When the perpendicular falls on the side c. 

From the principles of the right g 

triangle we have, ^ 

p = b sin A and p=^a sin B. 
,', b sin A = a sin B. 

. • . (1) sin -4 : sin B : : a : b. 

2d. When the perpendicular falls on c produced. 

p = b sin A and p = a sin CBD. 

But CBD is the supplement of 
CBA, or B of the triangle. Since 
the sine of an angle is equal to 
the sine of its supplement, -^^^ 1 — b" 

sin CBD = sin B; .*. |) = a sin B. 

.'. b sin A^a sin B. 
. • . (1) sin A : sin B : : a : b. 

In like manner we may find, 

(2) sin A : sin C : : a : c. 

Hence, The sine of the angle opposite the given side is to 
the sine of the angle opposite the required side as the given 
side is to the required side. 

Introducing radius by substituting for the function 
to the radius 1, the corresponding function to the 
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radius*!? divided by R, and reducing, the proportions 
(1) and (2) will be of the same form as before substi- 
tution, and hence are true for any radius. 
From proportions (1) and (2), we find, 

,^. - a sin 5 , .. a sin C 

(3) b = — : J-, (4) c = — ; -r-. 

sm A sm A 

Applying logarithms to (3) and (4), we have, 

(5) log 6 := log a + log sin B-\-a. c, log sin A — 10. 

(6) log c = log a + log sin C -\- a. c, log sin A — 10. 



70. Examples. 

r^ = 35^45'. 
1. Given < £==45^28' 
(a = 7985. 

C= 180^ — (A + B) = 180^ — 81^ 18' = 98*^ 47'. 

Since the sine of the angle opposite the given side 

is to the sine of the angle opposite the required side 

as the given side is to the required side, we have the 

proportion, 

A • r> J. , a sin 5 

sin A : sin B : : a : b. . • . 6 = — ; j- • 

sin A 

. • . log 6 r= log a + log sin B + a. c. log sin A — 10. 

log a (7985) = 3.90227 

log sin B (45° 28') == 9.85299 

a, c. log sin A (35^ 45') = 0.23340 

log b = 3.98866 r. b^ 9742.25. 

In like manner we have the proportion, 

a sin C 




sin A : sin C : : a : c, .\ c = 



sin A 
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. •. log c = log a + log sin C + o. r. log sin ^ — 10. 

log a (7985) ■--.. 3.1 

log sin C (98° 47') - 9. 

a. ^. log sin ^ (35° 45') =- 
log <? -- 4 

In finding log sin 98° 47', 
98° 47, which is 81° 13', and 






.4=-r>0°30'40". 

2. Given <( £ =- 70<» 45' 30 ". 
, = 478.3.'5 ?a/. - 

\B = 65° 25' 35". 

3. Given < e= 60° 28' 34". ' 
h ;= 12.25 miles. . 



H0227 






99488 






23340 






l"3a55 . 


•. c 


= 13606.88. 


take the sii 


pplement of 


find log 


sin 


81° 13'. 


( 


C = 


= 58° 43' 60". 


Req..^ 


6=- 


- 686.2 yd. 


{ 


c - 


629.8 yd. 


( 


A = 


= 54° 05' 51". 


Req.{ 


c = 


-- 11.72 miles. 


{ 


a = 


- 10.91 miles. 



71. Case II. 

Given (too sides and an angle opjmdte one of them, re- 
jjuired the remaining parts. 

1. When the Given Angle is Acute. 

Let the sides a and h and the angle A be given, and 
the remaining parts be required. 

Let the perpendicuhir p be 
drawn from C to the opposite 
side. Then we shall have, 

p=:b sin A. 

Id. If a > j» and a < h, there will be two solutions. 

For, if with (7 as a center and a as radius a circum- 
ference be described, it will intersect the side opposite 
C in two points, B and B\ and either triangle, ABC or 
AB'C will fulfill the conditions of the problem, since 
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it will have two sides and an angle opposite one of 
them the same as those given. Hence, there will be 
two solutions if a has any vJilue between the limits 
p and 6. 

2cl, If a = pj there will be but one 
solution. 

For, as a diminishes and approaches a 
p, the two points B and B' approach ; 
and if a=:^, B and R will unite, the arc will be tan- 
gent to Cy and the two triangles will become one, and 
there will be one solution. 

3rf. li a = h, there will be but one 
solution. 

For, as a increases and approaches 
h, the points B and F separate, the 
triangle ABC increases, and the triangle AB'C decreases ; 
and when a becomes equal to 6, the triangle ARC van- 
ishes, and there remains but one triangle, or there is 
but one solution. 

4th. If a > 6, there will be but one 
solution. 

For, although there are two tri- 
angles ABC and AB'C, the latter is 
excluded by the condition that the given angle A is 
acute, since CAB' is obtuse, and there remains but 
one triangle ABC which satisfies the conditions, or 
there is but one solution. 

5/^. If a < 2?, there will be no 
solution. 





For the arc described with C as 
center and a as radius will neither intersect the oppo- 
site side nor be tangent to it. The triangle can not 
be constructed, or there will be no solution. 
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2. When the Given Angle is Obtuse. 

\st. If a > ft there will be but one solution. 

For, although there are two triangles ABC and AEC^ 
the latter is excluded by the condi- q 

tions of the problem, since the angle 
CAE is acute while the given angle 
is obtuse. There remains but one 
triangle, ABC^ which satisfies all 
the conditions of the problem, or there is but one pos- 
sible solution. 

2d. Ji a = b there will be no solution. 

For as a diminishes and approaches 6, B will ap- 
proach A ; and when a becomes equal 
to 6, B will unite with -4, and the 
triangle ABC will vanish. The tri- 
angle ABC will remain, but will be 
excluded by the conditions of the 
problem, since the angle CAB is acute while the given 
angle is obtuse. 

3d. If a <6 there will be no solution; for then. 

If a > jt> there will be two tri- ^ 

angles, ABC and AB'C, but both 
are excluded by the condition that 
the given angle is obtuse. 

If a=p the two triangles reduce 
to one, right-angled at J5, which is 
excluded by the condition that the 
given angle is obtuse. 

If a < ^ no triangle can be con- 
structed with the given parts, and 
there will be no solution. 
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72. Summary of Results. 

1. When A < 90°. 

Two Solutions, If a > ^ and a < 6. 

C IbU If a=p. 

One Solution, < 2d. If a = b. 

I 3d. If a > 6. 

No Solution, If a <^p. 

2. WT^n ^ > 90°. 

One Solution, If a > 6. 

/ 1^^ If a = 6. 
No Solution, I 2d. If a <6. 

73. Method of Computation. 

Reversing the order of the couplets of the proportion 
m Case I, we have 

(1) a : 6 : : sin ^ : sin B. 

Hence, Tfw side opposite the given angle is to the side 
opposite the required angle, as the sine of the given angle is 
to the sine of the required angle. 

(1) gives (2) sin B = 

a 

.'. (3) log sin B= log b -f log sin A + a. c. log a — 10. 

If there is but one solution, take from the table the 
angle B corresponding to log sin B; if there are two 
solutions, take B and its supplement R, for both cor- 
respond to log sin B. 

We find C from the formula, 

C^ 180° ^(A + B) or C= 180° - (A'+ R). 
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We find c from the proportion, 

. ^ a sin C 

sin A : sin C :: a : c, ,- . c = — . — r- - 
' sin A 

^ •. log c — log a + log sin C-\-a. c, log sin A -- 10. 



74. Examples. 



r a ==9.25. 
1. Giv.^ &=: 12.56. 
1^ = 30° 25'. 




B' 



p==b sin A, 

Introducing R and applying logarithms, We have 

log p = \og & + log sin A — 10. 

log b (12.56) =- 1.09899 

log sin A (30° 250 = 9.70439 
log 2^ = 0.80338 ,'. p = 6.J5589. 

Since a > p and a < 6, there are two solutions. 

Since the side opposite the given angle is to the side 

opposite the required angle as the sine of the given 

angle is to the sine of the required angle, we have the 

proportion, 

^ . „ ft sin A 
a : & : : sin ^ : sin B, . • . sin J5 = • 

Cv 

log sin B = log b + log sin A + a. c. log a — 10. 

log 6 (12.56) = 1.09899 

log sin ^(30° 25') -=9.70439 

a. clog a (9.25) =9.03386 

log sin B =9T8372i .-. J S = 43° 25' 41". 

^ (£'=136° 34' 19". 
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C= 180° — {A + B) = 106° 9' 19", 

C'= 180^ — (^ + F) z= 13° 0' 41". 

A ' ri « sin (7 

sin A : sin (7 : : a : c, . • . c :== — ; j- • 

sin A 

log c =: log a + log sin (7 + a. c. log sin A — 10. 

Taking the value of (7, we have, 

log a (9.25) = 0.96614 

log sin C (106° 9' 19') =-9.98250 

a. c. log sin A (30° 25') ^ 0.29561 

log c ' = 1.24425 .'. c=^ 17.549. 

Taking the value of (7', we have, 

log a (9.25) = 0.96614 

log sin C (13° 0' 41") ^ 9.35246 

a. €, log sin A (30° 25') :^ 0.29561 

logc ^0.61421 .-. 



2. Given- 



3. Given 



4. Given- 



^ a = 20.35. 
6 -= 20.35. 
.^=52° 35' 27". 

a = 645.8. 

& = 234.5. 

.^ = 48° 35'. 

a = 17. 

b = 40.25. 

.4 = 27° 43' 15". 



,1 



«== 94.26. 
5. Given ^ 6 = 126.72. 
i^ = 27°60'. 




,-. = 4.1135. 

B = 52° 35' 27". 
C= 74" 49' 06". 
c = 24.725. 

jB=. io'- 48' 04". 
C^. Jl5°3C'56". 
c.---. 776.53. 

V No Solution. 

f 38° 52' 46". 
1 141° 7' 14". 

f 113° 17' 14". 
t 11° 2' 46". 

r 185.439. 
t 38.682. 
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a = i8oo. ^ iA=5r (yscy. 



6. Given 



{a = 1800. ^ ril = 57" {y b{y'. 

h = 2000. V Req. lc=lV 44' 10". 
B = n\'' 15'. J I c = 436.49. 




75. Case III. 

Given two sides and their included angU^ required the 
remaining parts. 

Let ABC be a triangle, 
and let the sides opposite 
the angles A^ B, C, be de- 
noted, respectively, by a, 6, 
c. Let a and b, and their 
included angle C, be given, and the remaining parts, 
A, B, and c, required. 

The sum of the angles A and B is found from the 

formula, 

A + B^ 180° — C. 

With C as a center, and 6, the shorter of the two 
given sides, as a radius, describe a circumference cut- 
ting rt in i), rt produced in E^ and c in H. Draw AE^ 
AD, CH, ^nd DF parallel to AE, The angle DAE is 
a right angle, since it is inscribed in a semi-circle; 
hence, its alternate angle, ADF, is also a right angle. 

The angle ACE being exterior to the triangle ABC, 
is equal to -4 + ^- But ACE having its vertex at 
the center, is measured by the intercepted arc AE. 
The inscribed angle ADE is measured by one-half 
the arc AE; hence, ADE = ^ ACE = ^(A + B), 

CH=CAj since they are radii of the same circle; 
hence, the angle CHA = A. The angle CHA being 
exterior to the triangle CHB is equal to HCB + B; 
hence 

HCB + B = A. .'. HCB = A — B. 
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Bxit HCB, having its vertex at the center, is meas- 
ured by the intercepted arc DH; and DAF, being 
an inscribed angle, is measured by one-half the arc 
DH; hence, DAF = iHCB = i(A — B), 

In the right triangles ADE and ADF we have 

AE=AD tan ADE = AD tan i(A + B), 

DF=AD tan DAF=AD tan i(A — B). 

From the similar triangles, ABE and FBD, we have 

BE : BD :: AE : DF 

Since CE=CA, BE=BC+ CA = a+h, 
Since CD=CA, BD= BC—CA=a — b. 
Substituting the values of BE, BD, AE, and DF in 

the above proportion, and omitting the common factor 

AD in the second couplet, we have 

a + b : a—b :: tan ^(A + B) : tan ^(^— iS). 

Hence, In any plane triangle, the mm of the sides in- 
cluding an angle is to their difference as the tangent of 
half the sum of the other two angles is to the tangent of 
half their difference. 

We find from the proportion, the equation 

* ^ ^ a-\-b 

. • . log tan I (A—B) = log (a — 6) + log tan i(A+B) 

+ a, c. log (a + b)~ 10. 

We have now found i(A+B) and i(A—B), 

A = :^(A+B) + iiiA-B), B = H^+B)-H^-- S)- 

. . ^ a sin C 

sm A : sin C :: a : c, ,- , c= — ; j- • 

' sin A 

. • . log c = log a + log sin C+ a. c, log sin A — 10. 

S. N. 6. 
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76. Examples. 

{a ==37.56. -^ CA, 

b = 23,75. V Req. < B. 
C= 68^25'.) Ic. 

A + B = 180°— C= 111^ 35'. 

a + b : a—b :: tan ^{A + B) : tan |(^ — 5). 

^^ ^ a + 6 

. • . log tan i{A—B) = log (a — 6) + log tan |(^+^) 

+ a. r. log (a + 6) — 10. 

log (a—b) (13.81) = 1.14019 

log tan i(A+B) (55° 47' 30") = 10.16761 
o. c. log (a+6) (61.31) =8.21247^ 

log tan ^(^—5) = 9.52027 

.-. i(iA-B) = 18^ 19' 55". 

A = i(A + B) + i(A — B) = 7i'' 7 25". 
5 =. ^ (^ + 5) — i (^ — 5) =- 37° 27' 35". 

. . ^ a sin (7 

Bin A : sin C :: a : c. ,-. c = — . j- • 

sin A 

log c = log a + log sin C + a, c, log sin -4 — 10. 

log a (37.56) = 1.57473 

log sin C (68'' 25') = 9.96843 

a. r. log sin A (74° 7' 25") = 0X)1689 

log c 1.56005, .\ c = 36.312. 



^7" 



j- rt = 996.63. ^ fA = 66° 2ff 37 

2. Given <b^ 712.83. I Req. <B = iO° 69' 35", 

i (7= 72° 29' 48". J i c == 1036.35. 



3. Given 
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fh = 776.525. \ r 5= 115*^ 36' 56". 

^ c=: 234.5. y Req.^ C=: 15°48'04". 

(^ = 48° 35'. J I a =-645.8. 

9. I CA 

2. y Req.< C: 

.'35'. J U. 



r a = 11.7209. \ r ^ = 60° 25' 34". 

4. Given j c^ 10.9232. V Req.< C = 54° 08' 51". 
( 5 = 65° 25' 35'. J I 6 := 12.256. 




77. Case IV. 

Given the three sides of a triangle^ required the angles. 

Let ABC be a triangle, take the b 

longest side for the base, and draw 
tlie perpendicular p from the vertex 
B to the base. 

Denote the segments of the base by s and s' respect- 
ively. 

Then, (1) c^—s'^=p^, and (2) a^^s^=p^. 

.'. (3) C2— «'2^a2 — S2, .-. (4) 82— 8'2^a2— C2. 

.-. (5) (8 + {s-s') = {a-^c) (a-c). 

. • . (6) 8 + s' ; a -\- c :: a — c : s — 8'. 

Hence, The sum of the segments of the hose is to the sum 
of the other sides as the difference of those sides is to the 
difference of the segments. 

(6) gives (7) s--s'=^ j-^ 

.-. (8) log (8 — 8')=log {a-\-c^-^\o^ (rt — ^) 

+ a. c. log (8 + 8') — 10. 

In case the sides of the triangle are small, find s—^ 
from (7); otherwise, it will be more convenient to em- 
ploy (8). 
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Having a+s' and « — «', we find s and «' thus, 

(9) 8=K« + «') +K»-«'), (10) «'=K«+«')-K«-«')- 

(11) COS^=*-, (12) C08C=*- 

C Cb 

Introducing -R, reducing, and applying logarithms, 

(13) log cos ^ = 10 + log «' — log c, 

(14) log cos (7 = 10 + log 8 — log a. 
From which we find A and C, 

Then, (16) £-=180°— (^ + C). 



78. Examples. 



1. Given <; 6 ==150. 



U = ioo. 



Req. 




8 = 



8 + 8' : a + c :: a — c : 8 — 8^. 
(a + c) (a—c) _ 225 X 25 



= 37.5. 



8 + 8' 150 

8=.:^(s-\-8') + \{8 — O = 75 + 18.75 = 93.75. 
s'r--:. ^ (s + g') _ ^ (« _ s') =: 75 — 18.75 :- 56.25. 

cos A-- —t or introducing R^ cos ^ ^= 

. • . log cos -4 = 10 + log 8' — log c. 



log «' (56.25) = 1.75012 
log c (100) =2X10000 
log cos A = 9.75012 



cos C- 



A = 55° 46' 18". 

R8 



— , or introducing R^ cos C= 
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.'. log COS C= 10 + log 8 — log a. 

log s (93.75) = 1.97197 
logo (125) = 2.09691 
log cos C == 9.87506 .-. C=41° 24' 34". 

^ = 180— (^ + C) = 82° 49' 08". 



ra =332.21. 
2. Given<! 6 =: 345.46. 



{a = 
6=: 
c 3= 237.61. . 



3. Given < b 



= 864. 
= 1308. 
= 1086. 



I a = 251.25. 
b = 302.5. 
c=342. 



J 



A = 66^ W 35". 

Required^ 5 = 72° 29' 53". 

I C = 40° 59' 32". 

rX==41°00' 38". 

Required < 5 = 83^ 25' 14". 

lc=55° 34' 08". 

!^ = 45° 22' 41". 
5 = 58° 58' 20". 
(7 ---75° 38' 59". 



APPLICATION TO HEIGHTS AND DISTANCES. 
79. Definitions. 

1. A horizontal plane is a plane parallel to the 
horizon. 

2. A vertical plane is a plane perpendicular to a 
horizontal plane. 

3. A horizontal line is a line parallel to a horizontal 
plane. 

4. A vertical line is a line perpendicular to a hori- 
zontal plane. 

5. A horizontal angle is an angle whose plane is 
horizontal. 
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6. A vertical angle is an angle whose plane is 
vertical. 

7. An angle of elevation is 
a vertide angle, one of whose 
sides is horizontal, and the 
inclined side above the hori- 
zontal side. Thus, BAC, 

8. An angle of depression is a vertical angle, one of 
whose sides is horizontal, and the inclined side below 
the horizontal side. Thus, DCA, 




80. Problems. 

1. Wishing to know the height of a tree standing 
on a horizontal plane, I meas- c 
ured from the tree the hori- 
zontal line BA^ 150 ft., and 
found the angle of elevation, 
BAC^ to the top of the tree 
to be 35° 20'. Required the 
height of the tree. 

Am, 106.335 ft. 

2. In surveying a tract of land, I found it impractic- 
able to measure the side AB 
on account of thick brush- 
wood lying between A and B, 
I therefore measured AE^ 7.50 
ch., and EB^ 8.70 ch., and 
found the angle ^^5 == 38° 





46'. 



Required AB. 

Ana, 5.494 ch. 

3. One side of a triangular field is double another, 

their included angle is 60°, and the third side is 15 

ch. Required the longest side. 

An9. 17.32 ch. 
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4. Wishing to know the width of a river, from the 
point A on one bank to the 
point C on the other bank, 
I measure the distance AB^ 
75 yd., and find the angle 
BAC = 87° 28' 30", and the 
angle ABC = iT" 38' 25'. 
Required AC, the width of 
the river. Ave. 78.53 yd. 

5. I find the angle of elevation, BAC, from the foot 
of a hill to the top to be 46° 25' 30". Measuring back 
from the hill, AD = 500 ft., 

I find the angle of elevation 
ADC=25^ZS' 40\ Required 
BC, the vertical height of the 
hill. Aas. 441.87 ft. 

6. From the foot of a tower standing at the top of a 
declivity, I measured AB 

■-— 45 ft., and the angle 
ABD = 50° 15'. I also 
measured, in a straight 
line with AB, BC=6S ft., 
and the angle BCD = 30° 
45'. Required AD, the 
.height of the tower. Ans. 82.94 ft. 

7. Wishing to know the height of a tower standing 
on a hill, I find the 
angle of elevation, 
BAC, to the top of 
the hill to be 44° 35', 
and the angle of ele- 
vation to the top of 
the tower to be 59° 
48'. 




Measuring the 
horizontal line AE, 275 ft 




I find the angle of eleva- 
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tion to the top of the tower to be 46° 25'. Required 
the height of the tower. Arts, 317.143 ft. 

I DC =24: ch. 
( (7Z)B--45°. 

8. Given J BZ)^ = 50°. 

Required ^5:^38.61 ch. 

9. Given AB = Sm yd., ^C-=600 yd., 5(7 = 400 yd., 
^Z)(7=33° 45', BDC=22'' 30'. Re- 
quired D^, Z)(7, D5. 

^ns. DA = 710,15 yd., i)C= 1042.5 
yd., DB = 934.28 yd. 

Remark. — Describing the circumfer- 
ence through A, B, 2), and drawing 
AE and Bi;, ^^B = BDC, EBA = ADC. 




RELATIONS OF CIRCULAR FUNCTIONS. 

81. Fundamental Formulas. 

Let ar=:the angle OCT = the arc OT, and CO = CT 
'= 1. Then, we have MT = CN= sin 
a, NT = CM = cos a, MO = vers a, 
NO' = covers a, OR =^ tan a, 0'<S = 
cot a, CR = 8ec a, (75i = cosec a. 

]3y articles 39—46, sin (90°— a) = 
cos a, cos (90° — a) = sin a, etc. 

From the diagram we have 

f2 




MT^ +CM^ 



CT' 



Substituting the values of ilfT, CM^ and CT, we have 
(1) sin2 a -\- cos^ a = 1. 
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Hence, The square of the sine of any arc plvs the square 
of its co-sine is equal to 1. 

From (1) we have, by transposition, 

(2) sin2a=:l — cos^a, 

(3) cos^ a = 1 — sin^ a. Hence, 

1 . Tlie square of the sine of any arc is equal to 1 minus 
the square of its co-sine. 

2. TJie square of the co-sine of any arc is equal to 1 minus 
the square of its sine. 

From the diagram we have 

MO = CO— CM. 
Substituting the values of MO^ CO, and CM, we have 

(4) vers a = l — cos a. 

Hence, The versed-sine of any arc is equal to 1 minus 
its co-sine. 

. • . vers (90° — a) = 1 — cos (90° — a). 
.' . (5) covers a = 1 — sin a. 

Hence, The co-versed-sin£ of any arc is equal to 1 minus 
its sine. 

From the diagram we have 

CM : CO :: MT : OR, 
or cos a : 1 : : sin a : tan a. 

rD\ X sin a 

. • . (6) tan a = 

^ cos a 

Hence, The tangent of any arc is equal to its sine 
divided by its co-sine. 

S. N. 7. 
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4. rano ^ sin (90° — a) 

. • . tan (90° — a) ^ t^^^cq i • 

^ cos (90°— a) 

,„. X cos a 

. • . (7) cot a = -V — - • 
^ ^ sin a 

Hence, The co-tangent of any arc is equal to Us co-sine 
divided by its sine, 

(6) X (7) = (8) tan a cot a = 1. 

Hence, TJie tangent of any arc into its co-tangent is 
equal to 1. 

(8) -J- cot a = (9) tan a = — r — 

Hence, The tangent of any arc is equal to the reciprocal 
of its co-tangent 

(8)-^tan a = (10) cot a = r 

tan a 

Hence, The co-tangent of any arc is equal to the recip- 
rocal of its tangent 

CM : CO :: CT : CR, or cos a : 1 : : 1 : sec a. 

.-. (11) sec a= 

^ "" cos a . 

Hence, The secant of any arc is equal to the reciprocal 
of its co-sine. 

.'. sec(90° — a)= -^ r- 

^ cos (90°— a) 

.*. (12) cosec a = — 

^ sin a 

Hence, The co-secant of any arc is equal to the recip- 
rocal of its sine. 

CR'^=~CO^+OE\ 

.'. (13) sec2 a = 1 + tan2 a. 
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Hence, The sqxmre of the secant of any arc is equal to 1, 
plus the square of its tangent. 

.'. sec2 (90°— a) = 1 + tan ^ (90°— a). 
. ' . (14) cosec^ a = 1 -f cot^ a. 

Hence, The square of the co-^tecant is equal to 1, plus the 
square of the co-tangent. 



i. Summary of Fundamental Formulas. 



1. sin^ a -f cos^ a — 1. 

2. sin2 a — . 1 — cos^ a. 

3. cos^ a = 1 — sin2 a. 

4. vers a=^l — cos a. 

5. covers a = l — sin a. 
sin a 



'. 6. tan a 
7. cot a 



cos a 
cos a 
sin a 

8. tan a cot a = 1. 



9. 


tan a = — ^ — -• 
cot a 


10. 


cot a=7 

tan a 


11. 


1 

sec a=^ 

cos a 


12. 


1 
cosec a = —. 



sin a 



13. sec2a=:l + tan2a. 



14. cosec 2 a = 1 + cot 2 a. 



83. Problems. 

1. Prove that the above formulas become homogene- 
ous by the introduction of R. 

2. Deduce formulas (5), (7), (12) and (14) from the 
diagram. 

3. Prove that the above formulas are true if a is in 
tbe.aecoad, third, or fourth quadrant. . 
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84. Each Fanctlon In Terms of the Others. 



fiin a = i/l — cos*^ a. 
sin a=V2 vers a — vers^ a. 
sin a = l— covers a. 
tan a 



sm a- 



sin a = 



1 



sm a = 



Vl + cot^a 
\/sec^a — l 



sin «: 



sec a 
1 



cosec a 



cos a = l/l — sin^ a. 
cos a = l — vers a. 



cos a =V2 CVS tt — cvs^ a. 
1 



cos a = 



cos a = - 



l/l + tan2 a 
cot a 



C08 a = - 



V 1+ cot2 a 
1 



sec a 



cos a == - 



l/ cosec 2 a — 1 



cosec a 



vers a=l—Vl—8m^a. 
vers a=l — cos a. 



vers a = 1 — y 2 cvs a — cv8=* a. 

1 



vers a = l- 



vers a = l- 



VI + tan2 a 
cot a 



vers a = - 



l/l+cot^a 
sec a — 1 



sec a 



vers a =1- 



V^cosec^a— 1 



cosec a 
covers a = l — sin a. 



covers a=l — l/l — cos^a. 



CVS a = 1 — V2 vs a — vs'' a. 
tan a 



covers a — 1- 



covers a =1- 



Vl+tan^a 
1 



covers a =1- 



covers a = 



Vl+cot2 a 

V'sec^ a — 1 
sec a 

cosec a — 1 



cosec a 
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84. Each Fanetlon in Terms of the Others. 



tan a- 

tan a- 
tan a-- 

tan a - 

tan a 
tan a' 
tan a = 

cot a 
oot a 

cot a == 

cot a 
cot a = 
cot a- 
cot a = 



sm a 
V^l— sin^a 

\/l — cos^g 
cos a 

1/2 vs a ■ 



- V8- a 



1 — vs a 

1 — CVS a 
1/2 CVS a — cvs^a 
1 



cot a 


= V8ec^a — 1. 

1 


V cosec^ a — 1 


l/l — sin^a 


sm a 
cos a 


l/l — cos^a 
1 — vs a 


1/2 vs a — vs^a 


1/2 CVS a— CVS 2 a 



1 — CVS a 



tan a 



l/sec^ a — 1 
l/cosec^ a — 1. 



sec a = 



sec a = - 



1/1 — sin^a 

1 



sec a: 



sec a- 



cos a 

1 

1 — vers a 

1 



1/2 CVS a — cvs^a 
sec a=i/l+tan2a. 



8eca = ]^l±^2*l^. 
cot a 



sec a: 



cosec a - 



cosec a 



Vcosec^a — 1 
1 



sin a 



cosec a = 



cosec a: 




cosec a = 



1 — covers a 



cosec a = 



Vl + tan^ g 
tan g 

cosec g = i/l + cot^ a. 

sec g 

l/sec^ g — 1 



cosec a= 
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85. Functions of Negative Arcs. 



We first find the sine and co-sine 
of — a, in terms of the functions of a 
from the diagram. Then, dividing the 
sine by the co-sine, the cosine by the 
sine, taking the reciprocal of the co- 
sine and the reciprocal of the sine, 
we have 




sin ( — a) = — sin a. 


cos ( — a) = cos flf, 


tan ( — a) = — tan a. 


cot ( — a) = — cot a. 


sec ( — a) — sec a, 


cosec ( — a) = — cosec a 



86. Functions of (n 90° t a). 

1. Let n be 1 and a be negative. 

From the figure of the last article, and by similar 
processes, 

sin (90° — a)=:cos a, cos (90^ — a)=sin a, 

tan (90° — a) = cot a, cot (90° — a) = tan a, 

sec (90° — d) = cosec a, cosec (90° — a) = sec a. 

These relations have already been found, articles 
39—46. 

2. Let n be 1 and a be positive. 

sin (90° -\- a) = cos a, cos (90° -]- a)=^ — sin a, 

tan (90° + a) = — cot o, cot (90° + a) = — tan a, 

sec (90° + a) = ^ cosec a, cosec (90° -f a) = sec a. 

3. Let n be 2, and a be negative. 

sin (180°— a) = sin a, cos (180° — d) = — cos a, 
tan (180°— a) = — tan a, cot (180°— a) = — cot a, 
sec (180°— a) = — sec a, cosec (180° — a) = cosec a. 
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4. Let n be 2, and a be positive. 

sin (180°+ a) == — sin a, cos (180°+ a) = — cos a, 
tan (180°+ a) = tana, cot (180°+ a) = cot a, 
sec (180°+ a) =^ — sec a, cosec (180°+ a) = — cosec a. 

6. Let n be 3, and a be negative. 

sin (270° — a) = — cos a, cos (270° — a) = — sin a, 
tan (270°— a) == cot a, cot (270°— a) = tana, 
sec (270° — d) = — cosec a, cosec (270°— a) = — sec a. 

6. Let n be 3, and a be positive. 

sin (270°+ a) = — cos a, cos (270°+ a) = sin a, 
tan (270° + a) = — cot a, cot (270°+ a) = — tan a, 
sec (270°+ a) = cosec a, cosec (270°+ d)= — sec a. 

7. Let n be 4, and a be negative. 

sin (360° — a) = — sin a, cos (360^ — a) = cos a, 
tan (360°— a) = — tan a, cot (360°— a) = — cot a, 
sec (360° — a) = sec a, cosec (360° — a) = — cosec a. 

8. Let n be 4, and a be positive. 

sin (360°+ a) = sin a, cos (360°+ a) = cos a, 
tan (360°+ a) = tan a, cot (360°+ a) =: cot a, 
sec (360°+ a) = sec a, cosec (360°+ a) = cosec a. 

It will be observed tbat when n is even^ the func- 
tions in the two members of the equations have the 
same name; and that when n is odd, they have con- 
trary names. The algebraic sign attributed to the sec- 
ond member is determined by the quadrant in which 
the arc is situated. 

Let this article be reviewed, and these principles 
applied in determining the names and algebraic signs 
of the second members. 
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Hence, functions of arcs greater than 90° can be found 
in terms of functions of arcs less than 90°. Thus, 

1. sin 120°= sin ( 90° + 30°)= cos 30°. 

2. cos 290° = cos (270° + 20^) == sin 20°. 

3. tan 165° = tan (180° — 15°) = — tan 15°. 

If n is integral and positive, prove the following: 

4. sin [n 180° + (— 1)" a] = sin a. 

5. cos (n 360° ±: a) = cos a. 

6. tan (n 180° + a) = tan a. 

7. Any function of (n 360° + a) = the same func- 
tion of a, whatever be the value of a. 



87. Talnes of Functions of Particular Ares. 

1. To find the functions of 30°. 

Since 60° is one-sixth of the circumference, the chord 
of 60° is equal to one side of a regular inscribed hex- 
agon, which is equal to the radius or 1. But the sine 
of 30° is equal to one-half the chord of 60°. 

.-. (1) sin 30^= i, .-. (2) cos 30°= 1/1^=^1/ a 

Dividing (1) by (2), then (2) by (1), taking the 
reciprocals of (2) and (1), we have 

(3) tan 30° = -i= , (4) cot 30° = VZ. 

(5) sec 30° = -!=, (6) co8ec30° = 2. 

2. To find the functiom of 60°. 

From article 40, sin 60^ = sin (90^ — 30°) = cos 30°, 
cos 60° = cos (90^ — 30^) = sin 30^ Hence, 



CIRCULAR FUNCTIONS, 81 

(1) sin 60^ = ^1/3; (2) cos 60^ =i, 



(3) tan 60^ = 1/ 3, 
(6) sec 60^=: 2, 



(4) cot 60' = -^, 
(6) cosec60° = --|=. 



3. To find the functions of 45°. 

From Art. 40, sin 45° = sin (90^ — 45°) = cos 45** ; 
but sin2 45' + cos2 45° = 1, 



2 sin2 45° =1, 
(1) sin 45^ = ^1/27 
(3) tan 45° = 1, 
(5) sec 45° = 1/27 



sin 2 45° =r^. Hence, 
(2) cos 45° =-11/27 
(4) cot 45° = 1, 
(6) cosec 45°==i/2r 



Prove the following: 

1. sec 120^==— 2. 

2. cos 135°=— ^1/27 

3. sin 300°=— ^l/sT 

4. tan 225°= 1. 
9. Construct an angle whose tangent is — 1, 

10. Construct an angle whose sine is — ^, 

11. Find all the functions of 150\ 



6. 


cosec 210' = — 2. 


6. 


cot 240' = -i= 
1/3 


7. 


sin 390' = |. 



8. cos(— 120°)=— f 



88. Inyerse Trigonometric Functions. 

If x := sin a, then a is the angle or arc whose sine 
is x, which is written a = sin~^ x, and read a equals 
the arc whose sine is x. 
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It must not be supposed that "' is an exponent, and 

that sin~' x = ; this would be a grievous error. 

sin, X ° 

Let the following be read: 

cos~^a;, tan~^a;, sec'^a;, cosec'^x, sin~^(cosx), sin (sin" 'x), 

sin"^a; = cosec~' — > cos""^a; = sec""— - , tan~^a; = cot~^ — . 

XXX 

The above notation is not altogether arbitrary; for 
let /(x) be any function of x, and let /[/(a;)], or, more 
briefly, let /^(x) be the same function of /(x), which 
notation denotes, not the square of /(x), that is, not 
[/(x)]2, but that the same function is taken of f(x) as 
of X. Thus, if /(x) = sin x, /[/(x)] = sin (sin x), 
then, in general, 

(1) r/-(x)=/-*'»(x). 

If n = 0, (1) becomes, 

(2) rr(x)=f-(x). 
.-. (3) r(x) = x. 

Jf m = l, and n = — 1, (1) becomes, 

w ff"(x)=r{x)=x. 

Hence, /~^(x) denotes a quantity whose like func- 
tion is X. 

Hence, if y=8irr^x, sin y = sm (sin-'x)r=x; that 
is, y or sin~^x is an arc whose sine is x. 

It would follow from the above that sin^ a ought to 
signify sin (sin a), and not (sin a) 2; but since we 
rarely have sin (sin a), it is customary to write sin^ a 
for (sin a) 2, as we are thus saved the trouble of writing 
the parenthesis. 
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It would not, of course, do to write sin a* for (sin a) 2, 
for then we should have the sine of the square of an 
arc for the square of the sine of an arc. 

Let the following equations be proved: 



1. sin- 



..,1/B_ 



2 



cos~'|. 



2. sin-H=:r^tan"il/3. 

3. tan- VT^: sec-* 2. 



4. cos-'i=::2cot-ivX 

5. sin-U = 2tan-U. 

6. sec->2 = isec-i(— 2). 




p u 



S9. Problem. 

To find the sine and co-dne of the sum of two angles. 

Let a = the angle OCA^ and h = the angle ACB. 
Draw BL perpendicular to (L4, BP and 
LM perpendicular to CO, and LN parallel 
to CO. 

The triangles NBL and MCL are sim- 
ilar, since their sides are respectively 
perpendicular; hence, the angle NBL opposite the side 
NL equals the angle MCL opposite the homologous 
side ML. But MCL = a; hence NBL = a. 

From the diagram we find the following relations: 

(1) LB = sin 6. 

(2) CL = cos b. 

(3) PB =. ML + NB. 

(4) PB = sin OCB = sin (a + 6). 

(5) ML = sin MCL y, CL =^ sin a cos h. 

(6) iVB = cos NBL X LB = cos a sin b. 

Substituting the values of PB^ ML^ and NB, found 
in (4), (5), and (6), in (3), and denoting the formula 
by (a), we have 

(a) sin (a + 6) = sin a cos 6 + cos a sin 6. 
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Substituting in (1) the values of GW, CP^ and NB 
found in (2), (3), and (4), we have 

(d) cos (a — h) = cos a cos 6 + sin a sin 6. 

Hence, The co-sine of the difference of two angles is equal 
to the product of their cosines^ plus the product of their sines. 



92. Problems. 

1. Prove that formulas (c) and (d) become homogene- 
ous by introducing R. 

2. Deduce formulas (c) and (d) from (a) and (6), re- 
spectively, by substituting — h for 6, and reducing by 
article 85.. 

3. Prove that formulas (c) and (d) are true when 
(a — h) is in the second quadrant. 

4. Prove that formulas {c) and (d) are true when 
(a — h) is in the third quadrant. 

5. Prove that formulas (c) and (d) are true when 
(a — h) is in the fourth quadrant. 

93. Problem. 

To find the tangent and co-tangent of the mim or differ- 
ence of two angles. 

Dividing (a) by (ft), we have 

sin (a -f h) sin a cos h + cos a sin ft 

cos (a + 6) cos a cos b — sin a sin h 

Dividing both terms of the fraction in the second 
member by cos a cos 6, reducing, and recollecting that 
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the sine of an arc divided by its co-sine is equal to 
its tangent, we have 

tan a + tan b 



(e) tan (a -\- b) = 



tan a tan b 



Hence, The tangent of the mm of two angles is equal to 
the sum of their tangents, divided by 1 minus the produ^ct 
of their tangents. 

Dividing (6) by (a), and reducing, we have 

cot a cot b — 1 



(/) cot (a + 6) = 



cot a + cot 6 



Hence, The co-tangent of the sum of two angles is equal 
to the product of their co-tangents, minus 1, divided by the 
sum of their co-tangents. 

Dividing {c) by {d). and reducing, we have 

tan a — tan b 



(g) tan (a — b) = 



1 + tan a tan b 



Hence, The tangent of the difference of txco angles is equal 
to the tangent of the first minus the tangent of the second, 
divide by 1 plus the product of their tangents. 

Dividing (d) by (c), and reducing, we have 

,,^ ^ . . ,. cot a cot ^ + 1 

(h) cot (a — b) ^= — .-7 1"^ 

^ ^ ^ ^ cot 6 — cot a 

Hence, The co-tangent of the difference of two angles is equal 
to the product of their co-tangents^ plus 1, divided by the co- 
tangent of the second', minus the co-tangent of the first 



94. Problems. 

1. Prove that (e), (/), {g), (h) become homogeneous 
by introducing R. 
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2. Deduce (g) from (e) by substituting — b for ft. 

3. Deduce (h) from (/) by substituting — b for 6. 

4. Deduce (/) from (e) by taking the reciprocal of 

each member, substituting —r— for tan a, —rr for tan 6, 
' ® cot a ' cot 6 ' 

and reducing. 

5. Deduce, in like manner, (h) from {g), 

6. Find the value of sin (a-\-b + c) by substituting 
6 -f c for 6 in (a). 

7. Find the value of cos (a -f 6 + c) by substituting 
6 + c for 6 in (b), 

8. Find the value of tan (a -j- 6 + c) by substituting 
6 4- c for 6 in (e), 

9. Find the value of cot (a + b -\-c) by substituting 
b + c for b in (/). 



95. Functions of Double and Half Angles. 

Making 6=: a in (a), (6), (^),and (/), we have 

(1) sin 2 a = 2 sin a cos a. 

(2) cos 2a = cos^ a — sin^ a, 
2 tan a 



(S) tan 2a: 
(4) cot 2a: 



1 — tau^ a 
cot2 a — 1 



2 cot a 

Substituting ^ a for a in (1), (2), (3), (4), we have 

(5) sin a = 2sinia cos J a. 

(6) cos a = cos^ J a — sin^ } a. 
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/»7x X 2 tan ^ a 

(7) tana=:j 7 — ^T" 

(8) cot a= o \i 

^ ^ 2 cot i a 

Substituting 1 — sin^^a for cos^^a, then 1— cos^^a 
for sin^^a^ in (6), and reducing, we have 

(9) 1 — cos a = 2 ein2 \ a. 
(10) 1 + cos a = 2 cos2 \ a. 

... (11) sinia = ^lz:|2?i. 

.-. (12) cosia = -^|I±^. 
Dividing (11) by (12), then (12) by (11), we have 

(13) tania=-J— 
' 1 • 



- cos a 
+ cos a 



(14) cotia = Jl±^^l^. 
^ 1 — cos a 



Dividing (6) first by (10), then by (9), and trans- 
posing, we have 

sin a 



(16) tan i a 
(16) cotJa = 



1 + cos a 
sin a 



1 — cos a 

Taking the reciprocal of (16), then of (15), we have 
1 — cos a 



(17) tania = 

(18) cot i a = 



sin a 

1 + cos a 

sin a 



Let the formulas of this article be expressed in 
words. 

S. N. 8. 
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96. Consequences of (a), (b), (e), (d). 

Taking the sum and difference of (a) and (c), (d) 
and (6), we have 

(1) sin (a + 6) + sin (a — 6) = 2 sin a cos 6. 

(2) sin (a + 6) — sin (a — 6) = 2 cos a sin h. 

(3) cos (a + 6) + cos (a — 6) = 2 cos a cos h. 

(4) cos (a — 6) — cos (a + 6) — 2 sin a sin 6. 

Let ^^_^_^^.| then |j_^(,_^),| 

Substituting the values of a + 6, a — 6, a, and ft, in 
(1), (2), (3), and (4), we have 

(5) sin 8 + sin d = 2 sin ^ (s + d) cos i (« — - d). 

(6) sin 8 — sin d — 2 cos ^ (s + d) sin ^ (« — d). 

(7) cos 8 + cos d -- 2 cos i (s + d) cos i (« — d). 

(8) cos d — cos 8 = 2 sin i (s + d) sin ^ (s — d). 

By formula (5) of the preceding article we have 

(9) sin (s + d) = 2 sin i (8 + d) cos \{s + d). 
(10) sin (s — d)=2 sin J(8 — d) cos^(8 — d). 

Dividing each of these formulas by each of the fol- 
lowing, we have 



(11) 



sin«+sind sin^(g4-d) cos|(8 — d) tan^(84-d) 

sin 8— sin d cos|(8+d) sin^(8 — d) tan^(8— dX 



sin8 + 8ind sin^ (8 + d) . „.. , ,x 

(12) ■ — — - ^= ^- — j— y- = tan J(8 + a), 

^ cos 8 + cos d cos ^ (s + d) "^ ^ 

^^^. sin 8 + sin d cosi(s — d> ,-, ,. 

(Id) — -, = -^ — 5— -j^ =coti(8--o). 

cos a — cos 8 sin J (s — d) 



(14) 



sin 8 + sin d cos |(8 — d) 

sin (8 + d) cos i (8 + d) 



(15) 



(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(26) 
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sin 8 + sin d sin i(8-{-d) 

sin (8 — d) sin^(j* — (/) 



..^. sins— sin d Bin^is — d) . -, .. 

(16) ■ . = ^- jT = tan K» — d)- 

^ cos s + cos a cos ^(8 — a) 

,^„. sin s — sin d cos \{s -\- d) ... , ,. 

(17) -J = - . ir-rv-A = cot i (s + d). 

^ ^ cos d — cos 8 sin -^ (8 + d) ^ v • / 



sin 8 — sin d _ sin ^ ^s — d) 
sin (8 + d) ~ sill ^ (8 + d) 

si n 8 — sin d _ cos^ (8 + d ) 
sin (8 — dj ~ cos J (8 — d) 

cos 8 + cos d cot ^{s + d) 

cos d — cos 8 tan^(8 — d)' 

cos 8 + cos d cos i (8 — d) 

sin^8 + d) ~sini(8 + d)' 

cos 8 + cos d cos \{8 + d) 

sin (8 — d) sini(8 — d) 

cos d — cos 8 sin \ (s — d) 

sin (8 + (?) cos i (8 + d) 

cos d — cos 8 sin \ (s + d) 

sin (8 — d) cos i (8 — d) 

sin J8 -M0_ _ sin ^ (8 -h d) cos i(8 + d) 
sin (8 — d) sin^(8 — d) cos ^(8 — d) 



Formula (11) gives the proportion, 

sin 8 + sind : sin 8 — sin d ; : tan^(8 + d) : tani(8 — d). 

Hence, The sum of the sines of tivo angles is to their 
difference as the tangent of one-half the sum of the angles 
is to the tangent of one-half their difference. 

Let us apply this principle in solving triangles 
when two sides and their included angle are given. 
Article 76. 
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a '. b :: sin A : sin E. 

a'\-h : a — 6:: sin A + 

sin B : sin A — sin B. 

sin A+ sin B : sin A — sin B : : tan^(^+-B) : ia.ni(A—B). 

. •. a+b : a — b : : tan K^+5) : tan K-^— B). 





97. Theorem. 

T/i^ square of any side of a triangle is equal to the sum 
of the squares of the other sides, minus twice their prodiLct 
into the cosine of their included angle, 

1st. When the angle is acute. 
(1) m = b — n, B 

(1)2 = (2) m^ = b^+ n2— 2 bn. 
(3) p^=pK 
(2)+(3)=(4) m^ + p^=:b^ + n^+p^ — 2bn. 
But m^ + p^= a^ and n^ + p^ = c^, . ' . (4) becomes 

(5) a^ = b^ + c^ — 2bn. 

But n=^c cos A, which substituted in (5) gives 

(6) a^=^b^ + c^ — 2bc cos A. 

2d. When the angle is obtuse. 
(I) m = b -\- n. B 

(1)2= (2) m^= 62+ ^2+ 2 bn. ^ 
(3) p^=p\ 
(2) + (3) = (4) m2+ p'^= 62+ n2+ p^ -\- 2 bn. 
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But m*+ p* = o* and n*+ p* = c*, . • . (4) becomes 

(5) o« = 62+c«+2 6n. 
But » = c cos BAD = — c cos BAC=^ — c cos A 
.-. (6) a» = b^+c''—2bccoB A. 

98. Problem. 

To find the an^ of a triangle when the ndea are given. 
From either formula (6) of the last article we have 

(1) co8^ = -^-^^ 

Hence, The co-sine of any angle of a triangle is equal 
to the sum of the squares of the adjacent sides, minus the 
square of the opposite side, divided by twice the rectangle of 
the adjacent sides. 

Formula (1) gives the natural cosine of A; hence, 
A can be found. But it is best to place the formula 
under such a form as to adapt it to logarithmic com- 
putation. 

Adding 1 to both members of (1) we have 

(2) i + cos^=(A+|^=.(^±Ml|^3:£). 

But 1 + cos A = 2 cos^iA. Article 95, (10). 

T X ,Li xu (a + b + c)(h + c—a) p(p—2a) 
Let a+b+c =p, then ^ ^1^ = ^^^ ^^ • 

Substituting these values in (2), and dividing by 2, 
we have 

(3) cosHA = ^-P-^^^. 



^=(4) co8M = VE^ 
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In like manner, (5) cos ^ 5 = Jlvi^P — ^) . 

^ ac 



Also, (6) cos i C = x/-*-^-^-* ^--— • 

Introducing if, applying logarithms, and reducing, 
(4) becomes 

log cos \A = \ [log ip+log (^ — a)+a.(;. log 6+a.c. log c]. 

In like manner introduce R and apply logarithms 
to (5) and (6). 

By subtracting both members of (1) from 1 and re- 
ducing we find 

(7) ^in\A = JMEWME^. 



(8) sin^B = J(^P-«)(iy— <^) 
' ac 



(9) Hin A r7 =r ^/ (^;>— a) QsP -b) 



(7) ^ (4) = (10) tan i ^ = J (^y— fe) (^j> — c ) 

^ ipft^' — a) 



(8) --(5) =(11) tan ^ B = J(ip — «) (!;>— "^ 



i;,(ip-6) 



(9) H- (6) = (12) tan ^C = J(^ P— «) (ip— ft) 

^ ipCii?— c) 



99. Examples. 



1-0=125. ^ r^ = 55°46' 18". 

1. Given ■{ b = 150. > Required 
U = 100. J 



J- ^ = 55° 46' 18". 
<B=82° 49' 08". 
1(7= 41° 24' 34". 

3. I Required < B -- 



ra= 864. 1 j-^ = 41° 00* 38". 

2. Given ^ 6 = 1308. V Required < 5= 83° 26' 14". 

I c = 1086. J I C = 65° 34' 08". 
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100. Problem. 

To find the area of a triangle when two aides and their 
inclvded angle are given. 

Let k denote the area of the tri- 
angle ABCy of which the two sides 
h and c and their included angle A 

are given. 

(1) 2k = bp. 

(2) p -= c sin A. 

. • . (3) 2 k = be sin A. 

Introducing R, and applying logarithms, we have 
log (2 k) = log 6 -\- log c + log sin A — 10. 

101. Examples. 

1. Two sides of a triangle are 345.6 and 485, respect- 
ively, and their included angle is 38° 45' 40'; what 
is the area? Ans. 52468. 

2. Two sides of a triangle are 784.25 and 1095.8, re- 
spectively, and their included angle is 85° 40' 20"; 
what is the area. Ans. 428470. 

102. Problem. 

To find the area of a tiiangle when the three sides are given. 
By the last problem we find 

(1) fc = ^ be sin A^ 

(2) sin ^ = 2 sin ^ ^ cos J A. Article 95, (5). 

(3) sin i ^ = S{\p — ^)(kV — (^) . Article 98, (7). 

^ be 
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(4) cos i ^ = Ji_ P(iP — <^} . Article 98, (4). 
^ be 



,-. (5) sin 4 = 2V^p (^p—a) dp-b) gp—c] 

be 



(6) k=V^p(ip-a)(^ip-b)(ip-c). 



103. Examples. 

1. The sides of a triangle are 40, 46, 66, required 
the area. Aiis. 887.412. 

2. The sides of a triangle are 467, 845, 766, required 
the area. Ans, 176608. 

104. Problem. 

Given the perimeter and angles of a triangle, required 
the sides. 

(1) l = «45-^. (2) ±^^. 

a sin A a sin A 

Adding and reducing by Articles 96, (6) and 95, (5), 
we have 

(3) h + c ^ Bin i(B + C) cos i(B—C) 

a sin I ^ cos J ^ 

sin i(B + C) = cos | A, and sin ^A = cos i (B + C). 

' ' ^ ^ a cos I (B+C)' 
Adding 1 to both members, we have 

(4) (^ + b + c ^ (^os i (B + C)+ cos i(B^ C) 

a cos \{B-^C) 

Let p=ia-\-b-\-c, and reduce by 96, (7), we have 
,KN P_ _ 2 cos I B cos \ C 



a sin ^A 

^ ^ cos i iJ cos i C 
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Introducing R and applying logarithms, we have 

log a=:log ip + log sin iA + 

a, c, log cos i B + a. c. log cos J C — 10. 

Similar formulas can be found for 6 and c. But, 
after a is found, b and c can be more readily found 
by article 69. 

105. Examples. 

1. Given p = 160, ^ = 70^ B = 60°, C==50^ re- 
quired a, 6, €, 

Arts, a = 64.81, h = 50.51, c = 44.68. 

2. Given p = 31234.36, ^ = 35° 45', B = 45*^ 28', 
C = 98'' 47', required a, /!>, c. 

Am, a = 7985, 6 == 9742.5, c == 13506.86. 

3. Given p = 375, A = 55° 46' 18", B=82^ 49' 08^ 
(7=41° 24' 34", required a, 6, c. 

And, a = 126, 6 = 150, c = 100. 



106. Problem. 

Given the three sides of a triangle^ to find the radius of 
the inscribed circle, 

(1) BOC+ AOC+ AOB = ABC. 

(2) BOC=\ar. 

(3) AOC^^hr, 

(4) AOB=^cr, 
.-. (5) BOC+AOC+AOB = \(a-\-h + c)r=-^irr. 




But (6) ABC^V\p{^p-a)(,hp — b){,^p — c). 
S. N. 9. 
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(7) ^pr = V ^j>{\p-a){\p — h){ip-^c). 



ip^ 



(^8) r = ^^(^JP — ^^ (iP — b) (-^p — c) _ 



107. Examples. 



1. The three sides of a triangle are 20, 30, 40, re- 
spectively, required the radius of the inscribed circle. 

Ans. 6.455. 

2. The three sides of a triangle are 100, 160, 200, re- 
spectively, required the radius of the inscribed circle. 

Ans. 32.275. 

108. Problem. 

Given the three sides of a triangle to find the radius of 
the circumscribed circle. 

Let be the center of the circle, 
and R the radius. 




Let OD be perpendicular to 6, then 

The angle = the angle 5, since each is measured 
by one-half the arc AC. 

(1) AD = ^ = AO ^\TiO=-R sin B. 

.-. (2) R = ^—^~-^' 
^ 2 sin B 



• D o • ID ID 2Vip(ip—a)(-}p—b)ap—r) 
sin 5 — 2 sin |5 cos ^5 — '^ ^^ ^yj ^^-^ y. 



ac 
abc abc 



^^^ ^ WVp(kP-o) {\p-h) (ip-c) ~ 4fc 

Prove that the formula will be the same if the cen- 
ter is without the triangle. 
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. 109. Examples. 

1. The sid^s of a triangle are 7, 9, 10, respectively, 
required the radius of the circumscribed circle. 

Am. 5.148. 

2. The sides of a triangle are 60, 60, 70, respectively, 
required the radius of the circumscribed circle. 

Am. 36.72. 



110. Theorem. 

The perpendicular let fall on either side of a triangle from 
the vertex of tlie opposite angle U equal to that side into the 
prodvxt of the sines of the adjacent angles divided by the 
sine of tlie sum of those angles. 



(1) p=ic sin A. 
(2) sin B : sinC :: b : c, .'. 

b sin A sin C 



c = 



(3) p 



sin B 



(4) sin B = sin [180°— (A+C)'] 
sin iA + C). 



(5) p = 



b sin A sin C 

'WniA+cy * 



b sin C 
sin B 




111. Problem. 

Given the three sides of a triangle to find the radii of 
the escribed circles. 

The escribed circles are the three circles external to 
the triangle, each tangent to one side and to the pro- 
longation of the other sides. 
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The centers of the escribed circles are the points of 
intersection of the lines 
bisecting the external 
angles. 

The radii /, r", /", of 
the escribed circles, will 
be the perpendiculars let 
fall from their centers (/, 
0", 0"', respectively, on 
the three sides a, 6, c. 

Hence, by the last ar- 
ticle, 

a sin (90^ — ^5) sin (90 



(1) / = 




sin [180°— K^+O] 



/ftx J ^ cos iB cos iC T . 1 . A ± trkA 

Substituting the value of tan ^A^ article 98, we have 
(3) / ^ Ji P(ip — f>yiip — c) _ ^ 



(4) /' 

(5) /" 



ip — n 

— J jp (jy — «) (jy — <0 — ^ 

\ ^p — c hp—c 



113. Examples. 

1. Given the sides of a triangle, 6, 9, 11, required the 
radii of the three escribed circles. 

Av^. 3.854, 6.745, 13.49. 

2. Given JO = 100, ^==55^ B = 60°, C=66°, required 
the radii of the three escribed circles. 

[See (2), Art. 111.] Ana. 26.028, 28.867, 31.854. 



CIRCULAR FUNCTIONS. 101 

113. Theorem. 

The product of the radius of the insciibed circU and the 
radii of the three escribed circles is equal to the square of 
the area of the triangle. 

The product of (8), article 106, and (3), (4), (5), 
article 111, gives 



114. Theorem. 

The reciprocal of the radius of the inscribed circle, the 
sum of the reciprocals of the radii jof the escribed circles, 
and the sum of the reciprocals of the perpendicvlars let fall 
fromJhe vertices of the three angles on the opposite sides of 
a triangle are equal to each other. 

Taking the reciprocal of (8), article 106, we have 

(1) - = ^' 
^^ r 2 k 

Taking the sum of the reciprocals of (3), (4), (6), 
article 111, 

m ±-L_L 4. J ;>-2a p^2b p-2c p 

W ^' ^ ^n t ^„- 2jt "^ 2k "^ 2k ~~2k 

Let p\ jo", p"\ respectively, be the perpendiculars let 
fall from the vertices of the three angles on the sides 
a, b, and c. Then we have 

ap=2k. .-. ^=2fc- 

In like manner, —77- == 7^-7- • Also, -^ = -^rj^ • 
' J)' 2fc p ' 2i 
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. /ON J_ . J_ . J a + h + c _ jp_ 

• • ^"^^ / "^ p" "^ f ~ 2fc — 2ik' 

• • ^^; y — / "T ^f -t- ^m — p^ ^ p'^ ^ f^ 



115. Problem. 

To find the distance between the centers of the circum- 
scribed and inscribed circles of a triangle. 

Let R and r be the radii, and P 
and the centers of the circles, and 
let D = OP. 

Draw PE perpendicular to AC. The 
angle APE = B, since each is meas- 
ured by one-half the arc AC; but PAE = 90"" — APE, 
.'. PAE^dO^'—B. OAC=iA. PAO=PAE—OAC. 

... p^o = 90^-B-4^=KC-5). ^0 = --fp- 
(1) OP'^=~AP^ +10^—2 APXAO cos PAO. Art. 97. 

Substituting the values of OP, AP, AO, and PAO, 
we have 

r2 2fircos*(C — S) 

6 h_ . ( 108, (2). 

<^^) ^ = 2li^rB - 4 sin ^5 cos ^B' '^''''- 1 95, (5). 

fe^sinjj_sm jC _h sin j^ sin ^C a^ 110 

^^^ ^ "~ sinJM+C) cos^B 




(5) 



4 l?r sin jB sin ^g 



sin2 ^A sin ^^4 
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Substituting in (2), and reducing by article 91, (rf), 
and 89, (6), we have 

^ ^ Sin i^ 



•^ (7) D :=l/iJ2— 2 Br. 



116. Examples. 

1. The sides of a triangle are 12, 13, 16; required 
the distance between the centers of the circumscribed 
and inscribed circles. • Ans. 1.616. 

2. Two sides of a triangle are 35 and 37, and their 
included angle is 50°; required the distance between 
the centers of the circumscribed and inscribed circles. 

Ans. 3.266. 

3. The perimeter of a triangle is 120, the angles are 
40°, 60^, and 80', respectively; required the distance 
between the centers of the circumscribed and inscribed 
circles. Ans. 8.353. 



117. Problem. 

To find the distance between the centers of the circumscribed 
and escribed circles. 



Let /, /', /" be the 
radii of the escribed 
circles, and U, D", D"', 
be the distances of 
their centers, (/, 0", 
0"', respectively, from 
P, the center of the 
circumscribed circle, 
whose radius is R. 
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As in the last Problem, we find 

^^^ ^ "" 2 sin A^A sin i^A cos ^A ' ■^'■*^' { 95* (5). 

^^acosiBcosig. Art. 111,(2). 
^ COS 4-4 ' ^ ^ 

/■ 

... /a 4 B/ cos *5 cos ^C . ,„. , .„, 
•■ (*) 8-hi^= ^nU , by (2) and (3). 

Substituting (4) in (1), and reducing by (d) and (6), 
we have 

(5) iy^=R2+^-^^^2^^^±£l=R2 + 2W. 
sm 2-^ 

.-. (6) IK =i/i2Hr2lR?". 

.-. (7) iy' = VR^ + 2 Rr'\ 
.-. (8) n''=\/R^ + 2Rr"\ 



118. Examples. 

1. The three sides of a triangle are 21, 23, 26; re- 
quired the distances from the center of the circum- 
scribed circle to the centers of the three escribed 
circles. Ans. 25.19, 26.64, 29.73. 

2. The angles of a triangle are 56^ 60\ 64°, the 
greatest side is 25; required the distances from the 
center of the circumscribed circle to the centers of the 
three escribed circles. Ans. 26.96, 27.80, 28.65. 

3. Given jo = 100, A= 55°, B =-- 60^ C = 65°, 
required J7, J7', J7". Ans, 37.10, 38.55, 40.01. 
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119. Problem. 

To find the distance between the centers of the inscribed 
and escribed circles. 



Let Di, Dj, Ds, be the 
distances. 

In the triangle OOE, 
we have 



(X) D,= 



ri — r 




sin \A 
Substituting the values of r', r, and sin \A, we have 



(2) Z)i = -^ " ■ 

^ be 



(3) D, 






(4) D,= 



\ 55 



120. Examples. 

1. The three sides of a triangle are 30, 50, 60; re- 
quired the distances between the centers of the in- 
scribed and escribed circles. Ans. 31.05, 56.69, 87.83. 

2. The sides of a triangle are 500, 600, 700; required 
the sides of the triangle formed by joining the centers 
of the inscribed and circumscribed circles and the 
center of the escribed circle, tangent to the sides 600 
and 700 produced. Ans. 540.06, 104.58, 624.58. 



106 TRIGONOMETRY. 

121. Miseellaneous Exercises. 

1. Prove that sin 15^ = ^^""! , cos 15^= ^^ +i. , 

21^2 21^2 

tan 15° = 2 — V "3^ cot 15° = 2 + VY, sec 15' = 

2 VY 2 l^T 

cosec ^ 



v's + i 1/3 — 1 

2. Find the sine and co-sine of 75°. 

^iw. sin 75° = l-AilL, cos 75° = ^^~"1 . 
2 t/ 2 2 1^ 2 

3. Why is sin 75°= cos 15^, and cos 75°= sin 15' ? 

4. How may the values of tangent, co-tangent, se- 
cant, and co-secant of 75° be found from the values 
of the sine and co-sine? 

5. Find the functions of 150'. ^ 

1/3 
Ans, sin 150^ = i, cos 150° = ^ '" " 

6. Given sin a + cos a = V2, to find a. 

Am, 45°, or 45°+ 360° ; or, in general, |^ + 2 tti. 

7. Given sin 2 a = cos a, to find a. 

Am, -77 + 2 nn, or f tt -[- 2 nn, 

8. Prove that the sum of the tangents of the three 
angles of a plane triangle is equal to their product. 

9. Prove that the sum of the co-tangents of one-half 
the angles of a plane triangle is equal to their product. 

10. Prove that ABC is isosceles if cos A = tt—. — j^ . 

2 siu C 

11. Prove that the sum of the diameters of the in- 
scribed and circumscribed circles of any plane tri- 
angle ABC is 

a cot ^4 + 6 cot B + c cot C. 
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12. If b is the base of the triangle ABC, p, the per- 
pendicular to the base from the vertex of the opposite 
angle, and », the sum of the sides a and c, prove that 

t^nlB= 2^^— - 



(« + 6)(8-6) 



13. If b is the base of the triangle ABC, p, the per- 
pendicular to the base from the vertex of the oppo- 
site angle, and d, the difference of the sides a and c, 
prove that 

(b + d)(b — d) 



tan ^B = 



2bp 



14. If a, b, and c be the sides of the triangle ABC, 
8, the sum of the sides a and c, and r, the radius of 
the inscribed circle, prove that 

2r 



tan ^B = 



— b 



122. Computation of Natnral Fanctions. 

Dividing the length of the semi-circumference to the 
radius 1, which is 7r=: 3.141592653589793. . . by 1080, 
the number of minutes in 180', the quotient, which is 
.0002908882 . . . , will be the length of the arc 1', and 
will differ insensibly from its sine. 

.-. (1) sin r=. 0002908882. 

. • . (2) cos r = l/ 1 - sin2 r = 9999999577. 

Adding (a) and (c), then (6) and (d), articles 89, 91, 
and transposing, 

(3) sin (a + 6) = 2 sin a cos 6 — sin (a — 6). 

(4) cos (a + 6) == 2 cos a cos 6 — cos (a — 6). 
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If in (3) and (4) 6 = 1, a = 1, 2, 3 ... , in succession, 
we have 

sin'2'= 2 cos 1' sin 1'— sin 0'= .0005817764. 
sin 3' == 2 cos 1' sin 2' — sin 1' = .0008726646. 
sin 4' =r 2 cos 1' sin 3' — sin 2' = .0011635526. 

cos 2' = 2 cos 1' cos r — cos 0' =r .9999998308. 
cos 3' =: 2 cos 1' cos 2' — cos 1' = .9999996193. 

To facilitate computation, for 2 cos 1' = 1.9999999154, 
use its equal, 2 — .0000000846. Then we have 

sin 2' == 2 sin 1'— .0000000846 sin 1'— sin 0^. 
sin 3' = 2 sin 2' — .0000000846 sin 2'— sin 1'. 

After finding the sines and co-sines, the tangents and 
co-tangents can be calculated from the formulas: 

(5) tan a = (6) cot a = — 

^ cos a sin a 

It is not necessary to carry the computation beyond 
45°, since sin a = cos (90° — a), etc. 

The logarithmic functions can be found from the 
corresponding natural functions by the method of 
article 60. 



SPHERICAL TRIGONOMETRY. 

133. Deflnition and Remarks. 

Spherical Trigonometry is that branch of Trigonome- 
try which treats of the solution of spherical triangles. 

If any three of the six parts of a spherical triangle 
Are given, the remaining parts can be computed. 

The radius of the sphere is taken equal to 1, and 
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each side has the same numerical measure as the 
subtended angle whose vertex is at 
the center of the sphere. Thus, 




a = BOC, h = AOC, c = AOB. 

An angle of a spherical triangle 
is the angle included by the planes of its sides which 
is measured by the angle included by two lines, one 
line in one plane, the other in the other, both per- 
pcMidicular to the common intersection of the planes 
at the same point. 

Thus, if BE, in the plane AOB, is peri)endicular to 
OA, and if ED, in the plane AOC, is perpendicular to 
OA, then the angle BED willmeasure the inclination 
of the planes AOB and AOC, and will be equal to the 
angle A of the spherical triangle. 
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124. Napier's Circular Parts. 

Hapier's circular parts are the two sides adjacent to 
the right angle, the complements of their opposite 
angles, and the complement of the hypotenuse. 

Thus, if HBP is a spherical 
triangle, right-angled at H, the 
circular parts are b, p, 90® — B, 
90^ — P, and 90^— A. 

Adjacent parts are those which 
are not separated by an intervening circular part. 

Thus, b and 90° — P, 90® — P and 90® — A, 90^— A 
and 90® — B, 90® — B and p, p and b are adjacent 
parts. 

The right angle H is not regarded as a circular 
part, nor as separating the parts b and p. 
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Opposite parts are those which are separated by an 
intervening circular part. 

Thus, h and 90^— A, i^0° — P and 90° — B, 90^ — h 
and p, 90°— B and 6, p and 90° — P are opposite parts. 

Any one of these five circular parts is adjacent to 
two of tlie remaining parts, and opposite the other 
two parts. 

Of any three circular parts, one part is either adja- 
cent to both the others or opposite both. 

A middle part is that which is adjacent to two other 
parts, or opposite two other parts. 



125. Exercises. 

Tell which is the middle part, and whether the other 
parts are adjacent to, or opposite, the middle in the 
following : 



1. 90°— J5, 90°— P, 90^— A. 

2. h, 90^— h, p, 
S. 90°— A, 90^-5, JO. 

4. 90°— P, 90^— P, 6. 

5. 6, 90°— P, p. 



6. 90°— P, 90°— h,p, 

7. ft, 90°— P, p. 

8. 90^— P, 90°— A, 6. 

9. 90°— A, 90^— P, h, 
JO. 90°— P, 90°— P, p. 



126. Napier's Principles. 

1. The sine of the middle part is equal to the product 
of the tangents of the adjacent parts. 

Draw BD and DE^ respectively 
perpendicular to OH and OP^ and 
draw BE. BDE is a right angle, 
since the plane BOH is perpendicu- 
lar to the plane POH^ and BD is 
perpendicular to OH. The angle BED is equal to P. 
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£B = sin A, OjB=co8 A, />5 = sin p, and 0D= cos jt;. 

£Z) OE ^ ED ^ . . . , 

-^ = -^^ X -^' or cos P= cot h tan &. 

, • . (1) sin (90°— P) = tan (90°— h) tan h. 
ED DB ^ ED ... , p 



0/) "" 0/) '^ 2>5 

. • . (2) sin h =' tan ;> tan (90° — P). 

By changing P, 6, ^ into J5, p, h, (1) and (2) become 

(3) sin (90°— 5) = tan (90'— h) tan ;?. 

(4) sin p = tan b tan (90°— J5;. 

Multiplying (2) by (4), member by member, we have 
sin h sin j> = tan 6 tan p tan (90°— 5) tan (90°-P). 

Dividing by tan b tan p, and reducing, we have 
cos bcosp = tan (90°— P) tan (90°— P). 
cos 6 cos p == cos EOD xOD = OE=cos h== sin (90°- A). 
.-. (5) sin (90^-/0 = tan (90°— B) tan (90°-P). 

2. The sine of the middle part is equal to the product of 
the co-sines of the opposite parts. 

OE = cos EOD X OD, or cos A = cos 6 cos p, 
. • . (6) sin (90° — A) = cos b cos p. 

DB=EB sin DEB, or sin ^ = sin A sin P. 

. • . (7) sin p r- cos (90"— A) cos (90°— P). 

>^ . . .^^« r.x sin (90"^— A) sin JO 

(3) gives 8m (90»-B) = ^-^-^ \qo^^ ,,fc,/p- 
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This, by substituting cos 6 cos ^ for sin (90°—/*), 
cos (90° — h) cos (90' — P) for sin ^, and reducing, gives 

(8) sin (90°— 5) = cos h cos (90°— P). 

By changing p, P, B, h into 6, J5, P, ^, (7) and (8) 
become 

(9) sin h = cos (90°— h) cos (90^— J5). 
(10) sin (90^— P) = cos p cos (90^—5). 

These ten formulas are thus reduced to two princi- 
ples, from which the formulas can be written. 

The memory will be further aided by observing the 
common vowel a in the first syllables of the words 
tangent and adjacent of the first principle, and the 
common vowel o in the first syllables of the words 
co-sine and opposite of the second principle; that is, 
we take the product of the tangents of the parts 
adjacent to the middle, and the i)r()dact of tiie coxites 
of the parts opposite the middle. 



127. Mandnit's Principles. 

If we take, as circular parts, the complements of 
the two sides adjacent to the right angles, their oppo- 
site angles, and the hypotenuse, we can readily deduce 
from the diagram, or from Napier's principles, the 
following principles: 

1. The co-dne of the middle part is equal to the product 
of the co-tangents of the adjacent parts, 

2. The co-sine of the middle part is equal to the product 
of the sines of the opposite parts. 

Let the ten formulas be written and compared with 
those of the last article. 
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128. Analogies of Plane and Spherical Triangles. 

The formulas which demonstrate Napier's principles 
may be placed under forms which will exhibit the 
analogies existing between Plane and Spherical Tri- 
angles, as in the subjoined table. 



Plane Right Triangles, 


Spherical Right Triangles, 


1. sin P = f • 
h 


^ . „ sin p 
1. sm P= , \ ' 
sin ^ 


2. sin B=-Y-' 


^ . ^ sin 6 
2. sin 5= .— V- 
sin ti 


3. cos P r= ^ . 


„ tan ft 

3. cos P = ~ T- 

tan h 


4. cos B = f . 
h 


. r, tan p 
4. cos 5 = T — f • 
tan h 


6. tan P= f • 




f, . „ tan© 
5. tan P==^ -:- v* 
sin b 


6. tan J5=^ • 
P 


^ . • tan 6 
6. tan 5= ; 

sin^ 


7. sin P = cos B, 


^ . „ cos 5 

7. sm P = i- • 

cos b 


8. sin B = cos P. 


a . n COS P 

8. sm B =■■ 

cos^ 


9. A2 := 62 4. p2^ 


9. cos A = cos 6 cos p. 


10. 1 = cot 5 cot P. 


10. cos h = cot B cot P. 



These formulas can be committed and applied in- 
stead of Napier's principles by those who prefer to 
do so. The analogies will assist the memory. 
S. N. 10. 
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129. Species of the Parts. 

Two parts of a spherical triangle are of the same 
species when both are less than 90° or both greater 
than 90°. 

Two parts of a spherical triangle are of different 
species when one part is less than 90° and the other 
part greater than 90°. 

We shall, at present, consider those triangles only 
whose parts do not exceed 180°. 

Let it be remembered that the sine is positive from 
0^ to 180°, and that the co-sine, the tangent, and the 
co-tangent are positive from 0° to 90°, and negative 
from 90° to 180°. Hence, if the co-sines, tangents, or 
co-tangents of two parts have like signs, these parts 
will be of the same spocies; if they have unlike signs, 
these parts will be of different species. 

. „ cos ^ , . rt cos P A X -.no ^T o 

sin P = r- and sin B = Art. 128, 7, 8. 

cos cos p ' ' 

Since neither P nor B exceeds 180°, sin P and sin B 
are both positive; hence, cos B and cos b have like 
signs, so also have cos P and cos p. Therefore, B and 
b are of the same species; so also are P and p. 

Hence, The sides adjacent to the right angle are of the 
sanie species as their opposite angles. 

cos ^ = cos b cos p. Art. 128, 9. 

If ^ < 90°, cos h is positive; hence, cos b cos p is 
positive ; . * . cos 6 and cos p have like signs ; ,' . b 
and p are of the same species; ,\ B and P are of the 
same species. 

Hence, If the hypotenuse is less than 90°, the ttw sides 
adjacent to th£ right angle ctre of the same species; so also 
are their opposite angles. 




BIQHT TRIANGLES, 116 

If A > 90°, cos h is negative; hence, cos h cos p is 
negative; .*. cos b and cos p have unlike signs; r. h 
and p are of diflTerent species; .-. B and P are of 
different species. 

Hence, If the hypotenuse is greater tlian 90°, the tivo 
Mes adjacent to the right angle are of different specie,^; so 
also are their opposite angles. 

Let us now investigate the case »^J^ — ^ 

in which a side adjacent to the ^. 
right angle and its opposite angle ^^ 

are given. ^ ^ 

Let p and P be given. Produce the sides PH and 
PB till they meet in F, The angles P and P' are 
equal, since each is the angle included by the plane 
of the arcs PHP' and PBF, Take FH' --= PH= b and 
PR = PB=h, The two triangles, PHB and P'H B\ 
have the two sides PH and PB and the included angle 
P of the one, equal to P'i/' and P'R and the included 
angle P' of the other; hence, they are equal in all 
their corresponding parts; .*. H' = H, B' = B, and 
IVB' = HB. But ^ is a right angle; .'. H' is a 
right angle. Hence, either triangle, PHB or PH'B\ 
will answer to the given conditions. 

Since FH' and PH are equal, and FH' and PlV 
are supplements of each other, PH and PH' are 
supplements of each other. In like manner it can 
be shown that PB and PE are supplements of each 
other. 

When, therefore, a side adjacent to the right angle 
and an opposite angle are given, there are apparently 
two solutions. The conditions of the problem, how- 
ever, may be such as to render the two solutions 
possible, reduce them to one, or render any solution 
impossible. 
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Let us now proceed to investigate these conditions. 

1. When P < 90^ and ;> < P. 

We have from Napier's princi- 
ples, ^ ^' 
sin 6 = tan p tan (90° — P), or sin h = tan p cot P. 

Since P < 90° and p < P, tan p < tan P; but we 
have tan P cot P =: 1 ; . • . tan j? cot P < 1 ; hence, 
sin 6 < 1; then & < 90° or 6 > 90°; hence, b may 
be either of the supplementary arcs PH or Pfl' which 
iKive the same sine equal to tan p cot P. 

If 6 < 90°, since p < 90°, A < 90° ; if 6 > 90°, 
since p < 90°, h > 90°. Hence, if P < 90° and 
p < P, either triangle, PHB or PJPP', will satisfy the 
conditions, and there will be two solutions. 

2. When P < 90° and p=:P, 

We have sin 6 = tan p cot P, 
as before. 

Since p = P, tan j^ cot P= tan P cot P — 1 ; there- 
fore, sin & = 1 ; .'. b = 90°, or PH = 90\ 

From Napier's principles, we have 
sin (90° — h) = cos b cos p, or cos A = cos 6 cos p. 
Since b ^. 90°, cos ft = ; .' , cos b cos p = ; hence, 
cos A = 0; .-. A = 90°, or PP=r:90°. 

sin (90°— P) =. tan p tan (90°— A), which reduces to 
cos B = tan p cot A. 

Since A = 90°, cot A = 0; .*. tan p cot A = 0; 
.-. cos P = 0; .-. P=:90^ 

P£r'=180°— Pff=:90°; .-. PH'=PH. 
Pff = 180° — PP = 90° : ,', PR = PB, 
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Hence, if P < 90° and p = P, 6 = 90**, h = 90°, 
B = 90°, the two triangles reduce to the bi-rectangular 
triangle PHB^ and there is but one solution. 

3. When P < 90° and p > P. 

As before, we have sin h = tan p cot P, 

Since p and P are of the same species, p < 90°. 

Then, if p > P, tafi p > tan P; but tan P cot P^- 1 ; 
. * . tan |} cot P > 1 ; . * . sin 6 > 1, which is imix)SRible. 

Hence, if P < 90° and p > P, no solution is possible. 

4. When P > 90° and p> P, \^~ ^ 

p 

X /p 

We have sin h = tan p cot P, b 
as before, tan p and cot P are 
both negative, and tan p < tan P, numerically; j;)ut 
tan P cot P == 1 ; . • . tan p cot P < 1 ; hence, 
sin 6 < 1; .'. b < 90°, or 6 > 90°; hence, h may 
be either of the supplementary arcs PH or Pfl' which 
have the common sine equal to tan p cot P. 

If 6 < 90°, since p > 90^ h > 90° ; if 6 > 90°, 
since p > 90°, h < 90°. 

Hence, if P > 90° and p > P, either triangle, PHB 
or PH'E will satisfy the conditions, and there will be 
two solutions. 

5. When P > 90° and p ^ P, 

p 
We have sin h = tan p cot P, as 
before. ^ 

.-. sin 6 = tan Pcot P=:l; .-.6=^90°. 

.-. cos 6 = 0; .-. cos A = cos 6 cos jo==0; .-.^ = 90°. 

.-. cot^=:0; .-. cosP = tan;)cot A = 0; .-.5=90°. 
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Hence, if P > 90° and p = P, b =^90°, h = 90% 
B = 90°, the two triangles reduce to the bi-rectangular 
PHB, and there is but one solution. 

6. When P > 90° and p < P. 

As before, we have sin 6 = tan p cot P. 

Since p and P are of the same species, and since 
P > 90°, p > 90° ; hence, tan p, cot P are both nega- 
tive, and tan p > tan P, numerically; but since 
tan P cot P = 1, tan ;) cot P > 1 ; . • . sin 6 > 1, 
which is impossible. 

Hence, if P > 90° and p <C P, there is no solution. 

7. When P=90°. 
. sin h sin b ^^o 

.'. cos7? = 0; . *. cos A = cos 6 cos jo = 0; .'.^ = 90^. 

sin 6 = tan p cot P=: oo X 0; . • . sin 6 is indeterminate. 

cos P 

sin 5 = = "TT- : . • . sin B is indeterminate. 

cos p ' 

Hence, if P=:90, then />=--90°, A:=90% 6 and B are 
indeterminate; the triangle is bi-rectangular, and there 
is an infinite number of solutions. 

Hence, the following results : 

;p <C P, Two solutions. 
p = P, One solution. 
p > P, No solution. 

{p ^ P, Two solutions. 
p = P, One solution. 
p <C Pj No solution. 
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r p =-. 90^ ^ 

p ^ QQo ^Yien J ^ = ^^""i [ Infinite number 

J h indeterminate, [ of solutions. 
V B indeterminate, ) 

By a comparison of these results, we find, 

1. If p differs more from 90^ than P, there will be 
two solutions. 

2. U p= P, and P < 90^ or P > 90^ there will be 
one solution. 

3. If JO == P = 90'', there will be an infinite number 
of solutions. 

4. If p differs less from 90° than P, there will be no 
solution. 

130. Remarks. 

1. Napier's principles render it unnecessary to di- 
vide the subject of right-angled spherical triangles 
into cases. 

2. Two parts will be given, and three required. 

3. These parts or their complements will be circular 
parts. 

4. Take the two given parts, if they arc circular 
parts, otlierwis'3 their complements, and any one part 
required, if it is a circular part, otherwise its comple- 
ment, and observe which is the middle part, and 
whether the other parts are adjacent to, or opposite, 
the middle part: if adjacent, the first of Napier's 
principles will give the formula; if opposite, the 
second. 

5. Introduce R and apply logarithms. 

6. Apply the principles which determine the species 
of the required part. 
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131. Examples. 




^ 



1. To find 6. 

From the second of Napier's principles, we have 

sin (90^ — A) = cos h cos ^, or cos A = cos 6 cos ^. 

Finding cos h and introducing i?, we have 

- i? cos A 

cos 6 — 

cos j» 

. ' . log cos 6 = 10 + log cos h — log cos p. 

log cos h (110*^ ZQl) = 9.54433 — 
log cos ;} ( 50° 45') = 9.80120 + 
log cos b = 9.74313 — r.b = 123° 36' 31". 

Since the hypotenuse is greater than 90°, the sides 
b and p are of different species ; but p < 90^ ; 
. • . 6 > 90°. But log cos b corresponds to 56° 23' 29", 
and to its supplement 123° 36' 31" which must be 
taken, since 6 > 90°. 

The species of b can also be determined by the 
formula, 

, cos h 

cos b = 

cos p 

Since h > 90°, cos h is negative, and since p < 90°, 
cos p is positive ; . • . cos 6 is negative ; . * . 6 > 90°. 
The signs of the functions may be conveniently indi- 
cated by placing the signs after their logarithms. 
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2. To find B, 

sin (90^ — B) = tan p tan (90" — A), 

^ tan « cot h 
. • . cos ^ =- =^ 

. • . log cos B = log tan p + log cot h — 10. 

log tan p ( 50" 45') = 10.08776 + 
log cot h (110° 30') = 9.57274 — 
log cos B - =:= 9.66050— r. B= 117° 14'. 

Since b and J5 are of the same species, and since 
h > 90", B > 90". The species of B can also be de- 
termined from the sign of cos B. 

3. To find P. 

sin p = co^ (90°— A) cos (90"— P), or sin ;}=rsin h sin P. 



. „ P sin « 
.*. sin P— — . — r- : 
sin h ' 

log sin P = 10 + log sin ;> — log sin h. 



log sin p ( 50° 45') =^ 9.88896 + 
log sin h (110^ 30') :^ 9.97159 + 
log sin P = 9.91737 + . • . P== 55° 45' 57". 

P is of the same species as p, and since p < 90°, 
P < 90°. The species of P can not be determined by 
the sign of sin P, since the sign of sin P is plus 
from 0° to 180°. 

r ft -= 67° 33' 27". 

2. Given | ^ ^ .^^I f,/ } ^^q- ^ 5= 67° 54' 47". 

I ;)=100 45. j (p_ 99° 57' 35". 

(h= 67° 06' 44". 
^ ^. r A = 110° 46' 26". \ ^ J ^ irxo Ar nv' 

3. Given ^ ^ ™ .^, ofi.. f ^^"^i P-155 47 05 . 

i P = 80 10 36 . j ( p_ jg3, 5g, 45,, 

S. N. 11. 
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rB= 54°0ri5". 

4. Given \'p^^ZoZ' 7v^' \ Req. \ h= 142° 09' 12". 

I JO ^155° 27' 55". 

rh= 75° 13' or. 

5. Given \ ;;; " ^^, Z^' \ Req. \b= 67° 27' 01". 

Ip=. 58° 25' 45". 




h= 70° 23' 41'. 
b= 48° 24' 18". 
p== 59° 38' 27'. 

6 :z..l8°07'02"orl61°52'58". 
or 127° 25' 29". 
or 156° 56' 54". 

8. If a line make an angle of 40° with a fixed plane, 
and a plane embracing this line be perpendicular to 
the fixed plane, how many degrees from its first posi- 
tion must the plane embracing the line revolve about 
it in order that it may make an angle of 45° with the 
fixed plane? Ana. 67° 22' 44" or 112° 37' 16". 



132. Polar Triangles. 

The polar triangle of a given triangle is the triangle 
formed by the intersection of three arcs of great circles 
described about the vertices of the 
given triangle as poles. 

If one triangle is the polar of an- 
other, the second is the polar of the 
first. 

Thus, if A'RC is the polar of the 
triangle ABC, then ABC is the polar of A'BV. 

Each angle in one of two polar triangles is the sup- 
plement of the side lying opposite to it in the other; 
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and each side is the supplement of the angle lying 
opposite to it in the other. Thus, 

^=180^ — a', 5=180^ — 6', C=\m^—(f. 

a = im^—A, b = lSO^—B\ c=:180° — C. 

^'z=180^ — a, F=180° — 6, C=180^ — c. 

a'==:180^— ^, 6'=: 180°— J?, (/=180^-^a 

Cor.— K a' = 90°, A = 90''; hence, if one side of a 
triangle is 90^, one angle of its polar triangle is 90®. 



133. Quadrantal Triangles. 

A quadrantal triangle is a triangle one side of which 
is 90°. 

By the corollary of the last article, it follows that 
the polar of a quadrantal triangle is a right-angled 
triangle. 

A quadrantal triangle is solved by passing to its 
polar triangle, which is solved as a right-angled tri- 
angle, then by passing back to the quadrantal triangle, 
which is the polar of the right-angled triangle. 



134. Examples. 

r h'= 90°. ^ ^H'= 69° 30'. 

1. Given ^ F=129° 15'. V Req.^ B" = 56° 23' 30'. 
( 6' = 62° 46' 01". J ( p' = 124° 14' 03 '. 

Passing to the polar triangle, which is right-angled, 
we have 

(H= 90°. ^ C ^ = 110° 30'. 

Given ^ p = 50° 45'. V .\ < b = 123° 36' 30". 

1 5 = 117° 13' 59". J I P = 66° 46' 67". 
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Passing back to the quadrantal triangle, we find 

ra'= 90^ ^ (A= 74° 26'. 

% Given < <f = 99° 2Qf. \ Req. \c'^ 108° 05' 26". 

(f= 30° 12' 23". J '^ 6'= 31° 29' 14". 
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135. Proposition I. 

The dries of the sides of a spherical triangle are propor- 
tional to the sines of their opposite angles. 

Let ABC be a spherical tri- ^ 

angle. From C draw j?, the arc 
of a great circle perpendicular 
to the opposite side or to the -^^ 
opposite side produced. 

In the first case we have, by Napier's principles, 

sin ^ = cos (90°— a) cos (90°— 5) — sin a sin B, 

sin p = cos (90°— 6) cos (90°—^) = sin h sin A. 

. • . sin a sin B =^ sin 6 sin A. 

. • . sin a : sin b : : sin A : sin B. 

In the second case we have, by 
Napier's principles, 

sin JO = cos (90^— a) cos (90°— F) = a ,--^--^^ 
sin a sin R= sin a sin B, 

sin p = cos (90° — h) cos (90^ — A) = sin 6 sin A. 

. • . sin a sin B = sin b sin A, 

. • . sin a : sin 6 : : sin A : sin B. 
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In like manner other proportions may be deduced, 
giving the group, 

(1) sin a : sin h : : sin A : sin B. 

(2) sin a : sin c : : sin A : sin C. 

(3) sin b ; sin c : : sin B : sin C. 




136. Proposition II. 

Tlie co-mie of any mle of a spheiical triangle is equal to 
the product of the co-fdnea of the other sides, plus the product 
of their sines into the co-sine of their included angle. 

Let ABC be a spher- 
ical triangle, and the 
center of the sphere. 

Let CM be perpendic- 
ular to the plane AOB. 
Draw MD and ME, re- 
spectively perpendicu- 
lar to OB and OA, and 
draw CD and CE, which will be respectively perpen- 
dicular to OB and OA; hence, the angle CEM = A. 
and CDM = B. Draw EF perpendicular to OB, and 
MN perpendicular to EF, Each of the angles MEN and 
EOF is the complement of 0J5:F; .-. MEN=EOF=c. 

OD=OF+NM. 

OD = cos a. 

OF = OE cos EOF= cos b cos c. 

NM= EM sin MEN = sin b cos A sin c. 

Substituting the values of OD, OF, and NM, we have 
cos a =^ cos b cos c + sin b sin c cos A, 
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In like manner other formulas may be deduced, giv- 
ing the group, 

(1) cos a = cos 6 cos c + sin b sin c cos A, 

(2) cos h = cos a cos c -f- sin a sin c cos B. 

(3) cos c = cos a cos b + sin a sin b cos O. 



137. Proposition ni. 

The co-sine of any angle of a spherical triangle is equal to 
the product of the sines of the other angles into llie co sine 
of their included side, minus the proditct of the co-sines of 
these angles. 

The formulas for passing to the polar triangle are, 

a = 180^ —A\ b = 180^ — F, c= 180*^ — C\ 
A= 180^ — a', 5^=180^ — 6', C=180° — ^. 

Substituting these values in the formulas of the 
preceding article and reducing, we have 

— cos A^= cos B' cos C — sin B' sin C cos a'. 

— cos. 5'= cos A' cos C — sin A' sin (7' cos b\ 

— cos (7'= cos A' cos B' — sin A' sin J?' cos c'. 

Changing the signs and omitting the accents, since 
the formulas are true for any triangle, we have 

(1) cos A = sin B sin C cos a — cos B cos C, 
., (2) cos B =sin A sin C cos b — cos A cos C. . 
(3) cos C = sin A sin B cos c — cos A cos B, 



13S. Proposition IV. 

The co-sine of one-half of any angle of a spherical tri- 
angle is equal to the sqvxire root of the quotient obtained by 
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dividing the sine of one-half the sum of the sides into the 
sine of one-half the sum minus the side opposite the angle, 
by the product of the sines of the adjacent sides. 

The first formula of article 136 gives 
cos a — cos b cos c 

cos A = : 1 ; 

sm b sm c 
Adding 1 to both members, we have 
^ . ^ cos a . + sin b sin c — cos 6 cos c 

1 + cos -4 = : 1 : 

sin sin c 
1 + cos .4 = 2 cos2 ^A, Article 95, (10). 
sin ft sin c — cos 6 cos c ==:: — cos (b + c). Art. 89, (b). 
cos a — cos (6 + c) 

. • . 2 C0S2 iA = : 1 r-^ ' 

Sin b sin c 
But by article 96, (8), we have 
cos a — cos (b -\- c) = 2 sin ^(a + b -\-c) sin i(6 + c — a). 

Substituting and dividing by 2, we have 

^ ^ ^ _ sini(a + b + c) sin ^(b + c — a) 

cos 2"^ — • 7 • * 

sm sin. c 
Let s = a -{- b + c, then will ^ s = i (a + 6 + c), 
^s — a = ^(b-\-c^ a). 

Substituting in the value of cos^ ^A, and in the 
similar values for cos^ ^B and cos^ |C, and extracting 
the square root, we have 



(1) on^iA=J ^^^is sin (is -a) 



(2) on«XK^ J sin i g sin (| s - ft) 

^ sin n. Rin n 



Sin a Sin c 



(3) or.^in = J ^^^ if sin (js-c) 

^ sin a sin /) 
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139. Proposition V. 

The sine of one-half of any side of a spherical triangle is 
equal to the square root of thQ quotient obtained by dividing 
minus the co-S'ine of oiie-half the sum of the angles into the 
co-sine of one-half the sum minus the angle opposite the side, 
by the product of the sin£s of the adjacent angles. 

[ Taking the formulas of the last article, passing to 
the polar triangle, making S=^A' + B^ + C\ substitut- 
ing in these formulas, reducing, and omitting the ac- 
cents, we have 

(1) Rin^a::^ J^cosi^cos(i^-^) 

^ sin B sin C 

(2) «in ^fe^ J ^ cos ^ ^ cos {^S-B) 

^ sin A sin C 

(3) sin ^^^ r^^si^^co8(i^-(7) 

^ sin A sin B 

140. Proposition VI. 

The sine of one-half of any angle of a spherical triangle is 
equal to the square root of the quotient obtained by dividing 
the sine of one-half the sum of the sides minv^s one adjacent 
side into the sine of one-half the sn.m minus the other adjacent 
side, by the product of the sines of the adjacent sides, 

. cos a — cos 6 cos c . . . , -^^ /i\ 

cos A = ; — I — ; Article 136, (1). 

sin sin c 

Subtracting both members from 1, we have 

. cos b cos c + sin b sin c — cos a 

1 cos A — ; 1 -. 

Sin sin c 
1 — cos A =2 sin2 ^A, Article 95, (9). 
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COS b cos c -f sin b sin c = cos (b — c). Article 91, (d). 

cos (b — c) — cos a 



2 sin2 iA 



sin b sin c 



But by article 96, (8), we have 
cos (b — c) — cos a = 2 sin ^(a +c — b) sin ^(a -\-b — c). 

Substituting and dividing by 2, we have 

. „ - . sin i(a + c — 6) sin i(a + 6 — c) 

Sin^ *^ = =^^^^ ; — ^ — - — ^ — ! ^. 

sin 6 sin c 

But ^((i + c — b) = is — b and i(a -f- ^ — c) := i« — c. 

Substituting in the value of sin^ ^A, and in the 
similar values for sin^ ^B and sin^ ^C, and extract- 
ing the square root, we have 

(1) sin U = J^^}L^kl^}.^''^ 3'-^') . 
^ sin b sin c 



(2) ain ^7?- J^mg^-g) sin(i8-c) 
^ sin a sin c 



(3) sin iC = / 8in(i8-a)s in (^8-6) 
^ sin a sin 6 



141. Proposition VII. 

The cosine of one-half of any side of a spherical triangle 
is equal to the square root of the quotient obtained by dividing 
the cosine of oncrhcdf the sum of the angles minus one adjor 
cent angle into the cosine of half the sum minus the other 
adjacent angle, by the product of the sines of the adjacent 
angles. 
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Taking the formulas of the last article, passing to 
the polar triangle, making S =^ A' -\- B' + C\ substitut- 
ing, reducing, and omitting the accents, we have 



(1) Pn« \n.-J COS {\S — B) cos (^S - C) 

\ sin B sin C 

(2) c^p ^ /> -^ ^/ c^« (i^ -~^) cos (^S — C) 

^ sin A sin C 

(3) oc^Xr = J^ (kS-A) COS { ^S-B) 

^ sin A sin B 

142. Proposition VIII. 

The tangent of one-half of any angle of a spherical tri- 
angle is equal to the square root of the quotient obtained by 
dividing the sine of one-half the mm of the sides minus one 
adjacent side into the sine of one-half the sum minus the other 
adjacent side^ by the sine of one-half the sum of the sides into 
the sine of one-half the stim minus the opposite side. 

Dividing (1), (2), (3), article 140, respectively, by (1), 
(2), (3), article 138, we have 



(1) tan^^^ J'^''^^'"^^'^''^^'""^' 

^ sin is sin (is — a) 

(2) tan iB = h^^ (js- n ) sin (js-c) 

^ sin ^s sin (^s — b) 

(3) tan iC = /sin(ig-a)si n(i.<^-fe) ^ 

^ sin ^s sin (^s — c) 

143. Proposition IX. 

The tangent of one-half cf any side of a spherical triangle 
is equal to the square root of the quotient obtained by dividing 
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minus the co-dne of one-half the mm of the angles into 
the co-8ine of one-half the sum minus the angle opposite the 
side, by the co-sine of one-half the sum of the angles minus 
one adjacent angle into the co-sine of one-half the sum minus 
the other adjacent angle. 

Dividing (1), (2), (3), article 139, respectively, by (1), 
(2), (3), article 141, we have 

(1) tan ia = J - oo^ ^S qo^ {\S- A) 
^cos (i^ — £)cos {\S — C) 



(2) tan i6 = / — cos j.S cos (j,^ — i^) 

(3) tan *c = / -cosi^c os a.9~0) 

^ cos {\S — A) cos i^S — B) 

The reciprocals of (1), (2), (3), articles 142, 143, will 
give formulas for co-tangents, which may be written 
and expressed in words. 



144. Napier's Analogies. 

Dividing (1), article 142, by (2), we have 

tan \ A sin {^s — b) 

tan ^B sin {^s — a) 

This, as .a proportion taken by composition and di- 
vision, gives 

tan ^A + tan ^B sin (\s — h') -h sin {\s — a) 

tan ^A — tan ^B sin {\s — b) — sin {\s — a) 

sin 4-4 , sin \B 
tan \A-[- tan \ B _ cos 4^ cos 4-^ 
tan \A — tan \B~ ?i\n \A sin 4 ^ 

cos \A cos 4^ ^ 
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Multiplying both terms of the second member ty 
cos \A cos \B^ 

tan \A + tan \B _ s in \A c os \B + oos^ \A sin ^B 
tan ^A — tan ^B sin \A cos \B — cos \A sin \B 

Reducing the second member by articles 89, (a), and 
91, (c), 

ta n hA + tan \B __ sin \{A + B) 
tan ii4 — tan ^B sin \{A — J5) 

sin { \H — h) 4- sin f^g — a) tan \c a t 96 (11\ 

sin (^8 — 6) — sin(i« — a)~~tan^(a — ft) * ' ^ ^* 

sin \{A-\- B) taTi_^^ 

* * sin i(^ — J?) tan i(a — b) 

. • . (1) sin i(A+B) : sin^C^— J?) : : tan Jc : tan K^ — 6). 

The reciprocal of (1) X (2), article 142, gives 

1 sin ^8 

tan i A tan i B ~~ sin (is — c) 

By division and composition, we have 

1 — tan I A tan ^ B _ sin ^8 — sin (^s — c) 
1 + tan i A tan iB sin ^8 -\- sin (^s — c) 

Reducing both members as before, we have 

cos ^(A-{- B) tan ^c 

cos i(A — B) tan i(a -\-b) 

' . (2) cos i(A+B) : cos i(A—B) : : tan ^ c : tan ^(a + 6). 

Passing from (1) and (2) to the polar triangle, we 
have 

(3) sin ^(a + b) : sin i(a — b) : : cot ^C : tan i(A—B), 

(4) cos i(a + b) : cos i(a — b) : : cot iC : tan i(A+B). 
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145. Proposition. 

In a right-angled spherical triangle, as b increases from 0° 
to 90^ from 90° to 180^ fr(mi 180° to 270^ and from 270° 
to 360^ if p < 90°, ^ increases from p to 90°, /rom 90"^ to 
180' — ^, decreases from 180' — ^^ ^o 90', and from 90° 
^0 jt>; if p > 90°, A decreases from p to 90°, /rom 90° to 
180' — ^, increases from 180° — j9 to 90°, and /rom 90"^ 
to p; if p = 90°, A = 90° for all values of b, 

1, p <C 90°; . •. cos ^ is positive, 
cos h = cos b cos p. j, 

H 

If 6 =1^ 0, cos 6 = 1 ; therefore, 
cos A = cos ^; .' . h=p. 

As 6 increases from 0° to 90°, cos b is positive, 
and diminishes from 1 to 0; .*. cos h is positive, 
and diminishes from cos jo to 0; .'. h increases from 
p to 90°. 

As 6 increases from 90° to 180°, cos b is negative, 
and increases numerically from to — 1 ; . • . cos A is 
negative, and increases numerically from to — cos 73 ; 
. • . A increases from 90° to 180° — Pj and the triangle 
becomes the lune HH', 

As b increases from 180° to 270°, cos b is negative, 
and decreases numerically from — 1 to 0; .-. cos A is 
negative, and decreases numerically from — cos j» to 0; 
.-.A decreases from 180° — j^ to 90°. 

As b increases from 270^ to 360°, cos b is positive, 
and increases from to 1 ; . • . cos A is positive, and 
increases from to cos p; . • . A decreases from 90° 
to p, and the triangle becomes the hemisphere. 
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2. p > 90^; .-. cos j3 is negative. 
COS A == COS 6 cos p. J^ ^-<^r 



If 6 = 0, COS 6 = 1; therefore, ^^^ ^/ * ^y 
cos A = COS ^; .' , h = p. r 

As 6 increases from 0° to 90®, cob 6 is positive, and 
decreases from 1 to 0; .*. cos A is negative, and de- 
creases numerically from cos jp to ; . • . h decreases 
from p to 90°. 

As 6 increases from 90° to 180°, cos 6 is negative, 
and increases numerically from to — 1 ; . • . cos h is 
positive, and increases from to — cos p; .'. A de- 
creases from 90' to 180° — p, and the triangle becomes 
the lune HH\ 

As 6 increases from 180' to 270^, cos J) is negative, 
and decreases numerically from — 1 to 0; . * . cos h is 
positive, and decreases from — cos ^ to 0; .-. A in- 
creases from 180^ — ^ to 90°. 

As 6 increases from 270° to 360°, cos 6 is positive, 
and increases from to 1; . • . cos A is negative, and 
increases numerically from to cos p; .'. h increases 
from 90° to jp, and the triangle becomes the hemi- 
sphere. 

3. p = 90''; .'. cos p = 0. 
. • . cos A = cos 6 cos p = ; .-. h = 90°. 

Cor. — Since B and 6 are of the same species, B may 
be substituted for 6 in the preceding proposition. 

In the application of these principles to the discus- 
sion of Case I, in which two sides and an angle oppo- 
site one of them are given, a corresponds to h, and 
HB to 6. 
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146. Case I. 

Given two sides of a spherical triangle^ and the angle oppo- 
site ^me of thevi; required the remaining parts. 



c J«o» , 



Let a and b be the given sides 
and A the given angle. /'''"T^\^^^"'^ 

I. ^<90^ r.p<90-. \\ \y 

sm p = sin b sm A. 

1. a = p. 

B coincides with H, and the triangle ABC becomes 
the right triangle AHC. 

2. a < 90^ and a > p. 

By the last proposition the point B lies in the first 
or fourth quadrant, estimated, from H. 

3. a = 90°. 
HB = 90° or 270°, and HCB = 90° or 270°. 

4. a > 90° and a < 180° — p. 
B lies In the second or third quadrant f/om H. 

5. a = 180° — p. 

HB = 180°, and ABC = AHC + i the hemisphere, 

6. a = 180° — b. 

HB = HA' or 360^ — HA\ and then the first tri- 
angle becomes the lune AA\ 

7. a = b. 

HB rr= AH or 360° — AH, and the second triangle 
becomes the hemisphere. 
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8. a <p or a> 180^ — p. 

The triangle is impossible, since p is the least, and 
ISO^ — p is the greatest value of a. 

11. ^>90^; .-. i>>90\ ^ ^.^ 




sin p = sin sin -4. x / i / 

1. a=;). n - 

£ coincides with iZ, and ^5(7 becomes AHC. 

2. a > 90° and a < jp. 
B lies in the first or fourth quadrant from H, 

3. a = 90^, 
HB = 90° or 270°, and HCB = 90^ or 270°. 

4. a < 90^ and a > 180° — p. 
B lies in the second or third quadrant from H. 

5. a=: 180^ — p, 

HB = 180°, and ABC = AHC + i the hemisphere. 

6. a = 180'— 6. 

HB = HA' or 360' — HA', and the first triangle be- 
comes the lune AA'. 

7. a = b, 

HB = AH or 360' — AH, and the second triangle 
becomes the hemisphere. 

8. a> p or a <: 180° — p. 

The triangle is impossible, since p is the greatest, 
and 180' — p is the least value of a. 

III. A = 90°. 

The triangle is right-angled, and is solved as in 
article 131. 
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147. Examples. 



r a = 60'20'. 
1. Given < 6 = 80° 36' 



i:}'^-{!^<2jv>' 



1^ = 38^ 25 

A < 90^; .-. 2)<90°. 

sin p = sin b Bin A, .'. p = 37° 48' 26". 

Since a > p and a < 180® — p, the triangle is 
possible. 

Since a <C b and a < 180° — b, B lies between if 
and A or H and ^'. 

sin ^ — sin a sin 5, 
cos HCB = tan jp cot a, 

cos a = cos p cos HE, 
cos ACH = tan ;? cot 6, 

cos 6 = cos ^ cos JiiT, 
C= ACH ± HCB = 146^ 22' 43" or 18' 50' 07". 
c = AH ± HB = 129^ 15' 35" or 26° 50' 13". 
In ACB, ABC = 180' — HBC == 186° 07' 55". 

We can also find B from the proportion, 
sin a : sin 6 : : sin A : sin B. 

C and c can be found from the proportions, 
sin i(6 + a) : sin J (6 — a) : : cot ^C : tan i(B — A). 
sin A : sin C : : sin a : sin c. 



B = 44^ 52' 05". 
HCB == 63° 46' 18". 
HB ^ 51° 12' 41". 
^Cff==:82° 36' 25". 
AH ==:: 78^ 02' 54". 



2. Given, 



r a = 63° 50'. ^ c B 
< 6 = 80° 19'. \ \ C 
I il = 51° 30'. i i c 



Required, 

B= 59° 16' 00" or 120° 44' 00". 

= 131° 29' 42" or 24° 37' 30". 

= 120° 47' 50" or 28^ 32' 44". 
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3. Given. Required. 

o= 75° 38'. ^ (B= 65° 28' or 114° 32'. 

C=180° or 57° 03' 32". 

c = 180° or 63' 20' 18". 



f a= 75° 38'. -j p 
-J ft = 104° 22'. V \ 
I A= 65° 28'. J I 

4. Gitwji. Required. 

{a = 99° 40' 48". -j r B = 114° 26' 50" or 65° 33' 10". 
b = 64° 23' 15". M C = 236° 51' 27" or 97° 27' 13". 
A =-- 95° 38' 04". ) Ic = 236° 01' 61" or 100' 49' 49". 



{ 



6. Given. Required, 

a = 100^ wB= 50° 47' 41" or 129^ 12' 19". 

h= 85''. [i^= 1^^° ^' 1^" or 342° 03' 12". 

^ = 50°. j i c = 187° 50' 09" or 336° 39' 45". 



6. If -4 < 90°, what is the relation of a to p, or to 
180° — p, when there is no solution? 

7. If -4 > 90°, what is the relation of a to |?, or to 
180° — p, when there is no solution ? 

148. Proposition. 

In a right-angled spherical triangle, as B increases from 
0° to 90°, from 90° to 180°, frmi 180° to 270°, and from 
270° to 360°; if p < 90°, P decreases from 90° to p, in- 
creases from p to 90^, increases from 90^ to 180^ — p, and 
decreases from 180° — p to 90^; if P > 90°, P increases 
from- 90^ to p, decreases from p to 90^, decreases from 90° fo 
180° — p, and increases from 180° — i? to 90°; i/p = 90°, 
P r== 90°, for all values of B. 

1. jp < 90° ; . • . cos /) is positive. / ^^ / 
cos P — - cos p sin B, ^' 

If 5 = 0°, sin 5=: 0; ..cosPr^O; .•.P=90°. 
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As B increases from 0° to 90°, sin B is positive, 
and increases from to 1; .'. cos P is positive, and 
increases from to cos p; . * . P decreases from 90*^ 
to p. 

As B increases from 90° to 180°, sin B is positive, 
and decreases from 1 to 0; .'. cos P is positive, and 
decreases from cos jp to ; . • . P increases from p to 
90°, and the triangle becomes the lune HH\ 

As B increases from 180° to 270°, sin B is negative, 
and increases numerically from to — 1 ; . • . cos P is 
negative, and increases numerically from to — cos p; 
.'. P increases from 90° to 180° — p. 

As B increases from 270° to 360° sin B is negative, 
and decreases numerically from — 1 to 0; . • . cos P is 
negative, and decreases numerically from — cos /) to 0;. 
.' , P decreases from 180° — jp to 90°, and the triangle 
becomes the hemisphere. 

2. j3 > 90° ; . • . cos ^ is negative. 

cos P = cos p sin B. 

If 5 = 0°, sin 5 = 0; .-.cosP^O; .•.P=90°. 

As B increases from 0° to 90°, sin B is positive, and 
increases from to 1; .'. cos P is negative, and in- 
creases numerically from to cos p; . • . P increases 
from 90° to p. 

As B increases from 90^ to 180°, sin B is positive, 
and decreases from 1 to 0; .*. cos P is negative, and 
decreases numerically from cos j> to 0; . *. P decreases 
from p to 90°, and the triangle becomes the lune. 

As B increases from 180° to 270°, sin B is negative, 
and increases numerically from to — 1 ; . * . cos P is 
positive, and increases from to — cos p; .'. P de- 
creases from 90° to 180° — p. 
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As B increases from 270'' to 360^, sin B is negative, 
and decreases numerically from — 1 to ; . • . cos P is 
positive, and decreases numerically from — cos /> to 0; 
. • . P increases from 180® — ;? to 90®, and the triangle 
becomes the hemisphere. 

3. p = 90^; .-. cos jp = 0. 

. • . cos P = cos ;> sin 5 = 0; . • . P = 90®. 

Cor. — Since h and B are of the same species, b may 
be substituted for B in the preceding proposition. 

149. Case IL 

Given two angles of a spherical triangle and the side 
opposite one of them; required the remaining parts. 

Let A and B be the given angles, 
and h the given side. 




I. ^<90®; .•,jp<90®. 

sin p == sin h sin A. 

1. B > ;) and 5 < 90®. 

By the last proposition, the point B lies in the first 
or second quadrant estimated from H as origin. 

2. B=p. 
The angle HCB = 90®, and the arc HB == 90®. 

3. 5 < 180® — j9, and B > 90®. 
B lies in the third or fourth quadrant from H. 

4. B = 180'' — p. 
The angle HCB = 270®, and the arc HB = 270^. 
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5. 5 = 90^ 

HB = 0^ 180°, or 360^, and the triangle becomes 
ACH, ACH 4- i of a hemisphere, or a hemisphere + 
ACH. 

6. B = A, 

B lies in the first or second quadrant from H, and 
one of the triangles becomes the lune AA\ 

7. B = 180° — A. 

B lies in the third or fourth quadrant from H, and 
one of the triangles becomes the hemisphere. 

8. B <p or B> 180° — p. 

The triangle is impossible, since p is the least, and 
180° — p is the greatest value of B. 

11. ^>90°; .•.jp>90°. 

sin p = sin 6 sin A. 

1. B <p SLud B > 90°. 
B lies in the first or second quadrant from H. 

2. B =p. 
The angle HCB = 90°, and the arc HB = 90°. 

3. B > 180° — jp and B < 90°. 
B lies in the third or fourth quadrant from H, 

4, B = 180° — p. 
The angle HCB = 270°, and the arc HB = 270°. 

5. B = 90°. 

HB = 0°, 180°, or 360°, and the triangle becomes 
ACHy ACH -[- i of a hemisphere, or a hemisphere + 
ACH. 
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6. B = A. 

B lies in the first or second quadrant from iZ, and 
one of the triangles becomes the lune AA\ 

7. B = 180° — A, 

B lies in the third or fourth quadrant from H, and 
one of the triangles becomes the hemisphere. 

8. B> p or B < 180° — p. 

The triangle is impossible, since p is the greatest, 
and 180° — p is the least value of B, 

III. ^==90°. 

The triangle is right-angled, and is solved as in 
article 131. 

150. Examples. 



^ = 75° 30'.^ fa. 

1. Giv. ^ ^ = 80° 40'. V Req. < C. 



livA 



6 = 70° 50'. J Ic, -^ 




^<90°; .•.p<90°. 

sin ;> = sin 6 sin ^; r. p = 66° 07' 56'. 

Since B ^ p and < 180° — p, the triangle is pos- 
sible. 

Since B < 90° and > jt>, 5 lies in the first or second 
quadrant from H, 

. ^ [67° 5&. 

sm ;? = sin a sin E, . • . a = | ^^^o 04' 

The second value of a, the supplement of the first, 
is taken when B lies in the second quadrant from H. 
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( 23° 37' 44" 
cos B =coBp sin HCB, .',HCB = ^ ^^^, ^^, ^; 

sin ^5 = tan ^ cot 5, ,'.HB ={ JJI J^,' J^; 

cos ACH= tan ;? cot 6, ., ACH= 38° 13' 36 '. 

cos 6 = cos jp cos AH, . • . AH = 35° 46'. 

C = ACH + HCB = 61° 51' 20" or 194° 35' 52". 

c = AH + HB = br 34' 19' or 193° 57' 41". 

We can find a, c, and C from the proportions, 
sin B : sin A : : sin ft : sin a. 
sin J(5 + i4) : sin ^{B — A) : : tan ^c : tan J (6 — a), 
sin 6 : sin c : : sin B : sin C 



{ 



2. Given. Required. 

A = 33° 15'. ^ r a = 80' 03' 25" or 99° 56' 35". 
B = 31° 34' 38". k^ 6' = 161° 24' 52' or 173° 30' 62". 
b = 70' 10' 30". i I c = 145° 03' 13" or 168° 18' 23". 

3. Given. Required. 

^ A =: 132° 16'. 1 /- a := 65° 16' 30" or 114° 43' 30". 

B = 139' 44'. • W C = 165° 41' 46' or 126' 40 44'. 

^ b = 127' 30'. ) [c = 162° 20' 65" or 100° 07' 25". 

4. Given. Required. 

A = 48° 50'. \ ra= 76° 48' or 104° 12'. 
B = 131° 10". W C" = 360° or 328' 39' 28". 
lh= 75° 48'. } ic = 360' or 317° 56 42". 



/ 



Scholium, — In. the two preceding cases some of the 
parts are found to be greater than 180°; but the cor- 
responding triangles conform to the conditions of the 
problem, and are therefore true solutions. 
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Parts greater than 180° are* usually excluded, in 
which case the principles of the following article will 
aid in determining the species of the parts. 

The principles established in Geometry are given 
without demonstration. 



151. Principles. 

1. Each part of a spherical triangle is less than 180°. 

2. The greater »ide is opposite the greater angle^ and con- 
versely. 

3. Each side is less than the sum of the other sides, 

4. The sum of the sides is less than 360°. 

5. The su7n of the angles is greater than 180°, and less 
than 540 \ 

6. Each angle is greater than the difference between 180° 
and the sum of the other angles. 

For, A + B + C> 180°. Principle 5. 
.-. ^ > 180°-(E + (7). 

The last formula is always algebraically true; but in 
case 5 + (7 > 180°, it might be doubted whether it is 
numerically true. 

Passing to the polar triangle, we have, by principle 3. 
a' < 6' + c'. 
or 180^— ^< 180° — B + 180° — C. 
or —A< 180^ — (B + C). 

.-. A> B+C—180''. 

7. A side differing more from 90^ than another side is 
of the same species as its opposite angle. 
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By article 136, we have 

cos a = cos 6 cos c -\- sin 6* sin c cos A, 
cos a — cos 6 cos c 



cos A = 



sin 6 sin c 



But sin 6 sin c is positive, since 6 and c are each 
less than 180°. 

If a differs more from 90^ than b or c, then we shaU 
have 

cos a > cos 6, or cos a > cos ^r, numerically ; 

and since neither cos 6 nor cos c exceeds 1, we have 

cos a > cos 6 cos c, 

. • . cos A and cos a have the same sign, .'.A and a 
are of the same species. 

8. An angle differing niore from 90° than another angle 
is of the same species as its opposite side. 

By article 137, we have 

cos -^ == sin B sin (7 cos a — cos B cos C. 
cos ^ + cos -B cos C 



cos a = 



sin B sin C 



If A differs more from 90° than B or C, then, as 
before, cos A and cos a have the same sign, or A and 
a are of the same species. 

9. Two sides, at least, are of the same species as their oppo- 
site angles^ and conversely. 

If each of two sides differs more from 90° than the 
remaining side, they will be of the same species as 
their opposite angles, as is evident from principle 7. 

If the triangle is isosceles, and the equal sides less 
than 90°, the perpendicular from the vertex to the 
third side will be less than 90°, since one-half the 

8. N. 13. 
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third side is less than 90®, and the angles opposite this 
perpendicular will 'be less than 90®, article 129, or of 
the same species as their opposite sides. 

If the equal sides are greater than 90°, the perpen- 
dicular will be greater than 90°, since one-half the 
third side is less than 90°, and the angles opposite the 
perpendicular will be greater than 90°, article 129, or 
of the same species as their opposite sides. 

If one side exceeds 90° by as much as 90° exceeds 
another side, and the third side i& greater or less than 
each of the other sides, this third side is of the same 
species as its opposite angle by principle 7. 

If the greater of the two sides is of the same species 
as its opposite angle, then we shall have two sides of 
the same species as, their opposite angles. 

If the greater of the two sides is not of the same 
species as its opposite angle, this angle will be of the 
.^>ame species as the other side, or less than 90° ; but 
t,he angle opposite this other side is less than the angle 
opposite the greater side, and hence less than 90°, or 
of the same species as its opposite side, and again we 
have two sides of the same species as their opposite 
angles. 

10. The sum of two sides is greater thatij equal to, or less 
than, 180°, according as the sum of their opposite angles 
is greater than, equal to, or less than, 180°. 

tan i(a + 6) cos i(A+B) == tan i t: cos i(A—B). Art. 144. 

But c < 180°, .-. ic < 90°, tan Jc > 0, 

and A—B < 180°, . • . i(A—B) < 90^ cos KA—B) > 0. 

. • • tan Jc cos i(A—B) > 0, tan i(a+b) cos K^+B) > 0. 

. ' . tan i(a + b) and cos i(A +- B) have like signs. 
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If \(^A +B) >, = or < 90', i(re+6) >, =:. or < 90°. 
If A+B >, = or < 180°, a + 6 >, = or < 180°. 



152. Case m. 

Given two iidea and the included angle of a spherical 
triangle; required the remaining parts. 

(-a =85° 30'. 

1. Given^6 = 65°40'. 

( 0= 95° 50'. 

We have, article 144, 

cos ^ (a + 6) : cos i (a — 6) : : cot ^ C : tan ^(^ + B). 
sin iia + h) : sin ^ (a — 6) : : cot ^C : tan ^ (3 — B). 

n{A + B) = 74° 21' 49". 1 T ^ = 83° 29' 10"'. 

•■• li(^— ^)= 9'07'21"./ •■• I B = 65° 14' 28". 

We also have, article 144, 

sin i(A-\-B) : sin ^{A — B) : : tan ^c : tan ^(a — b). 
. • . i c = 46° 43' 09", . • . c = 93° 26' l4". 

We can also find c from the proportion, 

sin A : sin C : : sin a : sin c. 

But the species of c is more readily determined from 
the proportion employed; for if we take the supple- 
ment of 46' 43' 09", then r would be greater than 180°. 

Again, all the known terms of the projjortion are 
positive; hence, tan Jc is positive, .*. ^c < 90'. 



j- a = 120° 30' 30\l fA = 

i< 6 = 70° 20' 20". V Req. <B = 

lC= 50° 10' 10". i lc = 



a = 120° 30' 30 ".,-) fA = 136° 05' 29 ". 

2. Given «( 6= 70° 20' 20". 1 Req.^£= 50° 30' 09". 

= 69° 34' 68". 
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153. Case IT. 

Given two angles and the included side of a spherical 
triangle; required the remaining parts. 



fA= 62° 54'. 1 |-a. 

1. Giv. < B= 48' 30'. >ReqJ b. 

lc = 114° 29' 58". i I C. 



o, 



We have, article 144, 
cos i(A + £) : cos i(A — B) 



tan i c : tan i (a + 6). 



sin ^ (^ + J5) : sin ^ (^ — E) : : tan J c : tan ^ (a — 6). 









69° 55' 48". 
13° 16' 18 



;".) , (a = 
1"./ • • 16 = 



= 83° 12' 06". 
56° 39' 30". 



We also have, article 144, 

sin i (a + 6) : sin ^ (a — b) ; 

.-. iC = 62° 40', . 

r^ = i26° 35' 02".^ 
2. Given ^ 5= 61° 43' 58". 
I c = 57° 30'. J 



cotiC: ta.n^(A—B). 
. C = 125° 2^. 



■I 



a = 115° 19' 57". 

Req.-( 6= 82° 27' 69". 

.C= 48° 31' 38". 



154. Case T. 

Given the three sides of a spherical triangle; required 
the angles. 

ra = 100° 49' 30". 

1. Giv. h= 99° 40" 48". 

U = 64° 23' 15". 

By article 138, we have 
cos iA 




V 



I sin ^ s sin (is — a) 
sin h sin c 
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Introducing R and applying logarithms, we have 

log cos \A = i[log sin ^a + log sin i^s — a) 

+ a. c. log sin b -\- a.c. log sin c]. 



. ^A = 48° 43' 14", . • . A = 97" 26' 28". 

( B = 95° 38' 00". 



In like manner we find » ^ „„ „„, ^, 



/- a.= 85° 30'. ^ t A 

J 6 = 65° 40'. V Req.^ B 

I c = 93° 26" 18". ) i C 



85° 30'. ^ J- ^ = 83° 29' 08". 

2. Given -( 6 = 65° 40'. > Req.< B = 65° 14' 20". 

95° 60". 



155. Case TI. 

Given the three angles of a spherical triangle; required 
the sides. 

r^ = 119° 15', 

1. Given^5= 70° 39 

Ic = 48° 36' 

By article 141, we have 




cos Ja = J coB(iS-B)cosaS-C) ^ 
^ sin B sin C 

Introducing R and applying logarithms, we have 

log cos J a = i[log cos QS — B)+ log cos (iS—C) 

-\- a. c. log sin B -\- a. c. log sin C] . 

. • . i a = 56° 11' 31", . • . o = 112° 23' 02". 

In like manner we find < _ ^^o oq' qo" 



(-^ = 121° 36' 24".-^ fa 

i\b= 42° 15' 13". y Req.^ h 

I C = 34° 15' 03". i I c 



A = 121° 36' 24". -^ /■ o = 76° 36' 00". 

2. Given ^ B = 42° 15' 13". > Req.< 6 = 50° 10' 40". 

40° OC 20". 
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MENSURATIOK 

156. Definition and Classification. 

Heunration is the art of calculating the values of 
geometrical magnitudes. 

Mensuration is divided into two branches — Mensur 
ration of surfaces and Mensuration of volumes. 

MENSURATION OF SURFACES. 

157. Unit of Superficial Measure. 

A unit of superfioial measure is a square each side 
of which is a linear unit. 

. Thus, according to the object to be accomplished, a 
square inch, a square foot, a square yard, an acre, etc., 
is the superficial unit taken. 

158. Problem. 

To find the area of a rectangle. 

Let Ic denote the area, h the base, and a the altitude 
of a rectangle. 

There are a rows of h superficial units 
each. 

Since there are h superficial units in one row, in a such 
rows there will be a times b or ab superficial units. 

.-. (1) k = ab. 

The above demonstration applies only in case the 
base and altitude are commensurable, or have a com- 
mon unit. 
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If the base and altitude are incommensurable, denote 
the area by h\ the base by 6', and the altitude by a'. 
Then, since by Geometry any two rectangles are to 
each other as the products of their bases and alti- 
tudes, we have 



k 
But k 



k' : : ab 



kf = 



a'V. 



159, Problem, 

To find the area of a parcdlelogram. 

1. When the base and altitude are given. 

Let k denote the area, 6 the base, and ^ 

a the altitude of a parallelogram. j / 

Since a parallelogram is equal to a [/ 

rectangle, having the same base and 

altitude, and since the area of the rectangle is equal 

to the product of its base and altitude, the area of the 

parallelogram is equal to the product of its base and 

altitude. 

. • . (1) k = ah, 

2. When two sides and their c 
included angle are given. aZ 

o 

a = c sin ^. . • . (2) k = be sin A. 



1«0. Problem. 

To find the area of a triangle. 
1. When the base and altitude are given 

Since a triangle is one-half the 
parallelogram having the same base 
and altitude, we have for the tri- 
angle, 

(1) k = iab. 
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2. When two sides and their included angle are given. 
Since a triangle is one-half the ^ 

parallelogram, having an equal angle c/ I \ 

and equal adjacent sides, we have for . / j \ 
the triangle, 

(2) k = ^bc sin A. 

3. When two angles and a side are given. 

The third angle is equal to 180° 
minus the sum of the given angles. 

Let, then, the angles and the side 
h be given. 

By the last case, we have 

k = ^bc sin A, 

But sin B : sin C :: h : c, ,', c - 

Substituting this value of c, we have 
.„. , b^ s in A sin C 

4. When two sides and an angle opposite one of 
them are given. b 

Let a and c be the given sides, 
and A the given angle. a 

In case of one or two solutions determined by 
article 72, find the value or values of C and B from 
the formulas, 

sin 0= "^ ^'"^ ^ > and 5 -- 180° - (^ + 0). 

Then, by (2), we have 

(4) fc = ^ ac sin B, 



b sin C 
sin B 
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5. When the three sides are given. 
Let p = the perimeter = a + h -{- c. 
Then, by article 102, we have 




(5) h = V }^pQip-a){\p-b)(,^p-c). 

6. When the perimeter and angles are given. 

Let p be the perimeter, and A^ B, » 

and C the angles. 

By article 98, (10), (11), (12), 





-l/>2 tan^ taniJ5 tsin^C=--Vip(ip — ay(^-bXip—c). 
. • . (6) k = \p^ tan ^A tan iB tan iC. 

7. When the perimeter and radius of the inscribed 
circle are given. ^ 

Let p = a -\~b -\-€j and r be the 
radius of the inscribed circle. 

ABC = BOC + AOC + AOB. ^^ ^^^ ^^ 

ABC = k, BOC = i ar, AOC = \ br, AOB = icr. 

.-. Jc = i(a + b + c) r; but a + b + c = p. 
.-. (7) k = ^pr. 

161. Examples. 

1. Find the area of a triangle whose base is 75 ft., 
and altitude is 24 ft. Ans. 900 sq. ft. 

2. Two sides, of a triangle are 25 yds. and 30 yds., 
respectively, and their included angle is 50° ; required 
the area. Ana. 287.2665 sq. yds. 
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3. In a triangle, 6 = 100 ft., ^4 = 60^ O=60«; 
required the area. Ana. 3529.9 sq. ft. 

4. In a triangle, a = 40 yds., c = 50 yds., A = 40°; 
required the area. Ans. 998.18, or 232.83 sq. yds. 

5. In a triangle, a = 12 ft., 6 = 15 ft., c = 17 ft.; 
required k. Ans. 87.75 sq. ft. 

6. In a triangle the perimeter is 20 ft., and the 
angles are 50°, 60°, and 70°, respectively; required 
the area. Ans, 18.85 sq. ft. 

7. In a triangle the perimeter is 60 ft., and the 
radius of the inscribed circle is 5 ft.; required the 
area. Ans. 150 sq. ft. 



162. Problem. 

To find the area of a quadrikUeral. 

1. When two opposite . sides and the perpendiculars 
to these sides from the vertices of the angles at the 
extremities of a diagonal are given. 

Let b and 6' be two opposite sides, 
and a and a' the perpendiculars to /la \^ 
these sides from the vertices of the ^j- 
angles D and B. 

ABCD = ABD + DCB. 

ABCD = k, ABD = ^ab, DCB = ^aV. 

.-. (1) h = iab + iaV. 

Corollary 1. — If h' is parallel to 6, the quadrilateral 
becomes a trapezoid, a' = a, and (1) becomes 

(2) k = ia(b + by 
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Corollary 2. — If V = 6, the trapezoid becomes a 
parallelogram, and (2) becomes 

(3) k = ab. 

Corollary 3. — If 6' = 0, the trapezoid becomes a tri- 
angle, and (2^ becomes 

(4) k = ^ab. 

2. When a diagonal and the perpendiculars to the 
diagonal from the vertices of the opposite angles are 
given. B 

-Let d denote the diagonal, and p y^ \v\ 

and p' the perpendiculars. .A<^--r-/^ — L---J^o 

ABCD = ABC + ADC, i 

ABCD = kj ABC=^^dp, ADC^^dj/. 

.-. (5) i^ id (p +;>'). 

3. When the sides and a diagonal are given. 

Let the areas of the triangles be de- 
noted by k' and k", which are found 
by article 160, (5). 

.-. (6) k = ¥+k'\ 

4. When the sides and one angle are given. 

Draw the diagonal opposite the given 
angle, and call the areas of the tri- 
angles kf and k", a< 

In one triangle we have two sides 
and their included angle, from which we find the area 
and the diagonal. 
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Then, in the other triangle, we have the three sides, 
from which we find the area. 

.-. (7) ik^i'+Jk". 

5. When the diagonals and their included angle are . 
given. • _,D 

Let d and d! denote the diagonals ^^ 
p and g, r and 8 their segments, 
and A their included angle. 

The angles at A are equal or sup- 
plementary; hence their sines are equal. 

BCDE = BAC + CAD + DAE + EAB. 

BCDE = i, BAC= \p8 sin A, CAD = ^q8 sin A. 

DAE= \qr sin A^ EAB = \pr sin A. 

,', k =^ ^ (ps + qs + qr -\- pr) sin A. 
But ps + qs + qr + pr = (p + q) (r + s) = dd'. 
.-. (8) k = idd' sin A. 

6. When the angles and two opposite sides are 
given. ^^^ 

Let a ^ BC, and b = AD. 
E = 180^ — (5 + C). 

The angles at A being 
supplementary, their sines are equal. The same is 
true of the angles at D. 

ABCD = BCE — ADE, ABCD = h 

h^ sin A sin D 




jynu^ a^ sin B sin C 
BUh = -^ -. — f^ , 



(9) h = 



2sin E 

a^ sin B sin C 

2siii~^ 



ADE = 



2sin E 

b^ sin ^ sin D 
28in £* 
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7. When three sides and their included angles are 
given. 

Let a, 6, and c be the given sides, - -^^ 

and A and B their included angles. / \ 

ABCD = ABD + DBC. 



ABCD = i, ABD = iab sin A. 
Find B' and d, W = B — B\ DBC=\cd sin F\ 
. • . (10) k = \ah s\ii A + hcd sin F\ 

8. When the sides of a quadrilateral inscribed in a 
circle are given. 

Let a, 6, c, d be the given sides. 

ACBD = ACB +ADB. 

ACBD = k, ACB = ^ab sin a 

ADB =^ \cd sin D = \cd sin (7, 

since D = 180*^ — C. 

. • . fc = ^ (a6 + cd) sin (7. 

ZB^ = a2 + 62 — 2 a6 cos (7, article 97. 

ZB^ = c2 + d2 _ 2 cd cos D = c2 + d2 + 2 cd cos C. 

. •. c2 _|_ ^2 _f 2 cd cos C = a2 + 62 _ 2 aft cos C. 

a2 + 62 — c2 — d2 




cos C -= 



2 (a6 + cd) 



sin C = t/ 1 — cos2(7, Let s = a-f&H-c + d. 

sinC- ^^^'""''^^^'~^^^*'~'^^^^~'^^ - 

oft + cd 

(11) k = l/Cis — a) (is— 6) (is— c) (is— d). 
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163. Examples. 

1. Two opposite sides of a quadrilateral are 35 rds. 
and 25 rds., and the perpendiculars to these sides 
from the extremities of the diagonal are, respectively, 
12 rds. and 16 rds.; required the area. 

Arts, 410 sq. rds. 

2. Find the area of a trapezoid whose bases are 15 
rds. and 20 rds., and whose altitude is 18 rds. 

Am, 315 sq. rds. 

3. Two adjacent sides of a parallelogram are 30 rds. 
and 40 rds., and their included angle is 30° ; required 
the area. Arts. 600 sq. rds. 

4. The diagonal of a quadrilateral is 40 rds., and the 
two perpendiculars to the diagonal from the vertices 
of the opposite angles are 10 rds. and 15 rds., respect- 
ively; required the area. Ana, 500 sq. rds. 

5. The sides of a quadrilateral are 30 rds., 40 rds., 
50 rds., and 60 rds., and the diagonal drawn from the 
intersection of the sides, whose lengths are 30 rds. and 
40 rds., is 70 rds.; required the area. 

^715. 1874.22 sq. rds. 

6. The sides of a quadrilateral are 25 rds., 35 rds., 
45 rds., 55 rds., and the angle included by the sides, 
whose lengths are 35 rds. and 45 rds., is 50°; required 
the area. Ans, 927.47 sq. rds. 

7. The diagonals of a quadrilateral are 30 rds. and 
40 rds., and their included angle is 30°; required 
the area. Ans, 300 sq. rds. 

8. The angles of a quadrilateral are 80°, 110°, 88°, 
82°, the side included by the first and second of these 
angles is 25 rds., and the side included by the third 
and fourth angles is 45 rds. ; required the area. 

Ans. 4105.08 sq. rds. 
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9. Three sides of a quadrilateral are 20 rds., 30 rds., 
40 rds., the angle included by the first and second is 
60°, and between the second and third, 80°; required 
the area. Ans. 593.58 sq. rds. 

10. The sides of a quadrilateral inscribed in a circle 
are 40 rds., 50 rds., 60 rds., 70 rds.; required the area. 

Ans, 2898.28 sq. rds. 

11. The area of a parallelogram is 47.055 sq. ft., the 
sides are 6 ft. and 8 ft.; required the diagonal. 

Ans. 9 ft., or 10.906 ft. 

12. If the adjacent sides of a parallelogram are»6 
and c, and their included angle A^ find A and k when 
fc is a maximum. Ans, A = 90°, Ic = be, 

13. The sides and angles being expressed as in the 
last example, find A and k when fc is a minimum. 

Ans, ^ = 0° or 180°, i = 0. 

14. If only two adjacent sides, h and c, of a paral- 
lelogram be given, prove that k is indeterminate be- 
tween the limits and he, 

15. Prove that the diagonals of a parallelogram divide 
it into four equal triangles. 

164. Problem. 

To find the area of an irregular polygon, 

1. When the sides and diagonals from the same 
vertex are given. 

The diagonals divide the polygon 
into triangles whose sides are given. 

The areas of these triangles, k\ k'\ 
V'\ ... are found by article 160, <5). 

.-. (1) i:==ik'+ F+)fc'"+ ... 
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2. When the diagonals from the same vertex, and 
the perpendiculars to these diagonals from the oppo- 
site vertices are given. 



(2) Jk = idi) + idy+idy'+ 



3. When the perpendiculars to a diagonal from the 
vertices of the opposite angles and the segments of 
the diagonal made by these perpendiculars are given. 

The polygon is divided into 

right triangles and trapezoids, 

whose areas lc\ k'\ A;'", are 

found by article 162, (2), (4). 

(3) jk=. Jt'+ jk"+ r'+ ... 

4. When one side of a figure is a straight line, and 
the opposite side is an irregular curve or broken line. 

Let the straight line be divided 

into the parts a, a', a", , and r 

let the perpendiculars be p,q,r,,.. 
dividing the figure into parts which may be con- 
sidered trapezoids. 

.-. (4) k:^ia(p + q) + ^aXq + r)+^a\r + 8). 

If a' = a and a" = a, (4) becomes, 

(5) k=^ia(p-\-2q + 2r + 8). 




165. Examples. 

1. Find the area of the annexed 
polygon if p — 10 rds., ^ = 6 rds., 
r = 6 rds., 8 = 7 rds., t = 15 rds., 
d = 14 rds., d' = 16 rds, Ans, 119,86 sq. rds. 




SURFACES, 



161 




2. Find the area of the annexed 
polygon if p = Z rds., d = 9 rds., 
p' = 4: rds., d' = 12 rds., and 
p" = 5 rds. Ans, 67.5 sq. rds. 

3. Find the area of the annexed 
polygon i{ p = S ft., ^ — 5 ft., p"= 
4 ft., a -- 5 ft., 6 = 6 ft., c = 6 ft., 
d = 9 ft., e=S ft. ^n«. 80.5 sq. ft. 

4. Find the area of the annexed 
figure, jo = 2 rds., q == Z rds., r = j?! 
4 rds., s = 3 rds., a = a'= a"= 5 rds. 

Ans. 47.5 sq. rds. 

166. Problem. 

To find the area of a regular polygon. 

1. When the perimeter and apothegm are given. 

Let p be the perimeter, a the apo- 
them, and s one side of the polygon. 

h = ^aa -\- ^as + \a8 -\- ^08 + ... 

.-. (1) k^lap. 

2. When the value of each side and the number 
of sides are given. 

Let 8 be one side, n the number 
of sides, a the apothem, and p the 
perimeter. 

^^^ 360^ 180^ 
p = n8, DOB = -^ — = 

^ 2 n n 





OD = DB cot DOB, or a = ^ s cot 

S. N. 14. 



180^ 
n 
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. • . (2) k = \ii8^ cot 
If « = 1, then (3) k = \n cot 



180^ 

n 
180^ 



From (3) calculate the areas of the regular poly- 
gons each of whose sides is 1, as given in the table 
subjoined. 

167. Table. 



Triangle -= 0.4330127. 
Square = 1.0000000. 
Pentagon = 1.7204774. 
Hexagon = 2.5980762. 
Heptagon^! 3.6339124. 



Octagon = 4.828427L 
Enneagon == 6.1818242. 
Decagon = 7.6942088. I 
Hendecagon^ 9.3656399. 
Dodecagon = 11.1961524. 



168. Application of the Table. 

Denoting the area of a regular polygon whose side 
is 8 by fc, and the area of a similar polygon whose 
side is 1, as given in the table by k\ and apply- 
in']: the principle that the areas of similar polygons 
are to each other as the squares of the homologous 
sides, we have the proportion, 



k : V 



12. 



k = k'sK 



169. Examples. 

1. What is the area of a regular hexagon each of 
whose sides is 6? Arts. 93.5307432. 

2. What is the area of a regular pentagon each of 
whoso sides is 10? Arvs. 172.04774. 
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3. What is the area of a regular decagon each of 
whose sides is 20? Ans. 3077.68352. 

4. What is the area of a regular dodecagon each of 
whose sides is 100? Ana. 111961.524. 

5. What is the area of a regular enneagon eacli of 
whose sides is 30? Am. 5563.64178. 

170. Formulas for the Circle. 

Let r be the radius, d the diameter, c the circum- 
ference, and k the area of a circle, then, by Geometry, 

we have 

d = 2 r, c = Trd, k = ^rc. 

From which verify the following table of formulas: 



1. r = ^d. 


7. 


c = 2 rrr. 


^ ' = f.- 


8. 


c = vd. 


.,=4. 


9. 


c = 2 l/jfcrr. 


4. d = 2r. 


10. 


k = 7rr«. 


5. d= '^ ■ 

n 


11. 


ifc = Jmi«. 


6. d = 2-v/A. 


12. 


* = /• 

An 



171. Examples. 

1. Given the radius of a circle = 10 rds. ; required 
d, c, and k. • 

2. Given the diameter of a circle = 20 rds. ; required 
r, c, and fc. 
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3. Given the circumference of a circle =;= 150 rds.; 
required r, d, and k, 

4. Given the area of a circle = 1000 sq. rds.; re- 
quired r, d, and c. 

5. Find the diameter of a circle whose area is equal 
to that of a regular decagon, each side of which is 
10 ft. Am. 31.3. 

6. The radius of a circle is 10 .ft., the diagonals of 
an equal parallelogram are 24 ft. and 30 ft.; required 
their included angle. Ans. 60° 46' 17". 

7. The radii of two concentric circles are r and /; 
find the area of the ring included by their circum- 
ferences. Aii8, TT (r + /) (r — r'). 

172. Problem. 

To find the area of a sector of a circle. 

Let a be the arc of a sector, d the de- 
grees in the arc, r the radius, and k the 
area. 

By Geometry, (1) A; = J m. 

nr = the semi-circumference, 

-^ :~ the arc of 1°. . *. ^oa = ^^^ ^^ ^^ ^^' 
dnr ,„^ , dnr^ 

173. Examples. 

1. Find the area of a sector whose arc is 40° and 
radiuB is 10 ft. Ans. 34.907 sq. ft. 

2. Find the area of a sector whose arc is 60° 24' 30" 
and radius is 100 rds. Ans. 5271.64 sq. rds. 
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3. The area of a sector is 345 sq. ft., the radius is 
20 ft. ; required the arc. Am, 98° 50' 06". 

4. The area of a sector is 1000 sq. rds., the arc is 30® 
45'; required the radius. Arts. 61.04 rds. 



174. Problem. 

To find the area of a segment of a circle. 

Let d be the degrees in the arc of 
the segment, r the radius, and k the 
area. 

By the last problem, 

dirr^ 

— — z=z the area of the sector. 

^ r^ sin d = the area of the triangle. 

1 dnr^ 1 9 • J 
. • . h = -ggQ — i r2 sin d. 

If d. is greater than 180, sin d is negative, and the 
second term in the value of k becomes positive, as it 
should, since, in this case, the segment is equal to 
the corresponding sector plus the triangle. 



175. Examples. 

1. Find the area of the segment of a circle whose 
arc is 36° and radius 10 ft. Am. 2.027 sq. ft. 

2. Find the area of a segment whose chord is 36 ft. 
and radius 30 ft. Am. 147.30 sq. ft. 

3. Find the area of a segment whose altitude is 36 
rds. and radius 50 rds. Am. 2545.85 sq. rds. 
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4. The arc of a segment is 147°28'46', the altitude is 

36 rds.; required the area. 

Ans, 2546.85 sq. rds. 

176. Problem. 

To find the area of an ellipse. 

Let a be the semi-major axis, and h the ^ - ' ^ ) 
semi-minor axis. ^ ^ 

Then, Ray's Analytic Geometry, article 446, 
k = Tzah. 



177. Examples. 

1. The semi-axes of an ellipse are 10 in. and 7 in.; 
required the area. Ans, 219.912 sq. in. 

2. The area of an ellipse is 125 sq. rds.; find the 
axes if they are to each other as 3 is to 2. 

Am, 15.46; 10.30. 



178. Problem. 

To fi'iul the area of the entire surface of a right prism 

Let p be the perimeter of the base, 
a the altitude, s one side of the base, 
fc' the area of a polygon similar to the 
base, each side of which is unity, ar- 
ticle 167, and k the area of the entire 
surface. 

ap = the convex surface. 

2 k's^ — the areas of the bases. Article 168. 

. • . k = ap + 2 k!s^. 




\ 
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179. Examples. 

1. What is the entire surface of a right prism whose 
altitude is 20 ft., and base a regular octagon each side 
of which, is 10 ft.? Arts. 2565.68542 sq. ft. 

2. What is the entire surface of a right hexagonal 
prism whose altitude is 12 ft., and each side of the 
base is 6 ft.? Ans. 619.0614864 sq. ft. 

3. What is the entire surface of a right prism whose 
altitude is 15 in., and base a regular triangle each side 
of which is 3 in.? Ana. 142.7942286 sq. in. 

180. Problem. 

To find the area of the surface of a regular pyramid. 

Let p be the perimeter of the base, a 
the slant height, s one side of the base, 
k' and h as in the last problem. 

^ap = the convex surface. / 

i's2 __ i\^Q arga of the base. /,f v\ 

.-. k = ^ap + ¥s^, ' ^ ^ 

181. Examples. 

1. What is the entire surface of a regular pyramid 
whose slant height is 12 ft., and base a regular tri- 
angle each side of which is 5 ft.? 

Ans. 100.82532 sq. ft. 

2. What is the entire surface of a right pyramid 
whose slant height is 100 ft., and base a regular deca- 
gon each side of which is 20 ft.? 

Ans. 13077.68352 sq. ft. 
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182. Problem. 

To find the entire surface of a frustum of a right pyramkh 

Let p be the perimeter of the lower 
base, p' the perimeter of the upper 
base, a the slant lieight, 8 one side of 
the lower base, a' one side of the upper 
base, f and k as in Art. 178. 

\a{p -^ p') == the convex surface. 

Vs^ = the area of lower base. 
A;V2=: the area of upper base. 

... k = \a{p+p') + k\B^ + ^^) 




183. Examples. 

1. What is the entire surface of a frustum of a 
pyramid whose slant height is 12 ft., aikl the bases 
regular decagons whose sides are 8 ft. and 5 ft., re- 
spectively? Ans. 1464.78458 sq.ft. 

2. What is the entire surface of a frustum of a 
pyramid whose slant height is 15 ft., and the bases 
regular hexagons whose sides are 10 ft. and 6 ft., re- 
spectively? Ans, 1073.338 sq. ft. 



184. Problem. 

To find the area of the entire surface of a cylinder. 

Let r be the radius of the cylinder, 
a its altitude, and k the area of the 
entire surface. 

2 Tira =-- the convex surface. 

2 irr^ = the area of the bases. 



fc = 2 7rr (a + r). 



I 
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185. Examples. 

1. What 18 the entire surface of a cylinder whose 
altitude is 6 ft. and radius 2 ft.? 

Ans. 100.5312 sq. ft. 

2. What is the entire surface of a cylinder whose 
altitude is 100 ft. and radius 20 ft. ? 

Ans. 15079.68 sq. ft. 

186. Problem. 

To find the area of the entire i<urface of a cone. 

Let r be the radius of the base of the 
cone, a the slant height, and k the area 
of the entire surface. , 

nra = the convex surface. / 

Trr^ = the area of the base. ^Sl 

. ' , k =^ nr (a -\- r). 

187. Examples. 

1. What is the entire surface of a cone whose slant 
height is 10 ft. and radius 5 ft.? Ans. 235.62 sq. ft. 

2. What is the entire surface of a cone whose alti- 
tude is 100 ft. and radius 25 ft.? 

Ans. 10059.1675 sq. ft. 

188. Problem. 

To find the area of the entire surface of the frustum 
of a cone. 

Let r be the radius of the lower base, r' be the 

S. N. 15. 
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radius of the upper base, a the slant height, and k 
the area of the entire surface. CZT^ 

TTd (r + r') = the convex surface. / 

nr^ = the area of the lower base, a 
i'/^ = the area of the upper base. / 
.-. jk =:= 7r[a(r + r') + r2 +/2]. j^.J J) 

189. Examples. 

1. Find the entire surface of the frustum of a cone 
of which the radius of the lower base is 10 ft., the 
radius of the upper base is 6 ft., and slant height 
is 20 ft. _ Ans, 1432.5696 sq. ft. 

2. Find the entire surface of the frustum of a cone 
of whicl\ the radius of the lower base is 25 in., the 
radius of the upper base 12 in., and the slant height 
36 in. Ans. 45.8368 sq. ft. 

190. Problem, 

To find the area of the surface of a sphere. 

Let r be the radius, d the diameter, c the circum- 
ference, and k the area. Thtm, by Geometry, 
(1) Jt==4 7rr2. (2) k = nd^. 

(3) k = ^- (4; k = cd. 

19L Examples. 

1. The radius of a sphere is 10 ft.; required the 
area. Ans. 1256.64 sq. ft. 

2. The diameter of a sphere is 25 ft.; required the 
area. Ans. 1963.5 sq. ft. 
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3. The circumference of a sphere is 100 in.; required 
the area. Ans. 3183.0914 sq. in. 

4. The circumference of a sphere is 62.832, and di- 
ameter 20; required the area. Ans, 1256.64. 

192. Problem. 

To find the area of a zone. 

By Geometry, the area of a zone is equal to the cir- 
cumference of a great circle multiplied by the altitude 
of the zone. 

Let a denote the altitude of the zone, r the radius 
of the sphere, and k the area of the zone. 

. • . fc = 2 irra, 

193. Examples. 

1. What is the area of the torrid zone, calling its 
width 46° 56', and the earth a perfect sphere whose 
radius is 3956.5 mi.? Ans, 78333333. sq. mi. 

2. What is the area of the tY,o frigid zones if the 
polar circles are 23° 28' from tlie poles? 

Ans. 16270370. sq. mi. 

3. What is the area of the two temperate zones? 

Ans. 102109933. sq. mi. 

194. Problem. 

To find the area of a spherical tiiangle. 

Let s =z A + B + C, and ^Trr^ = the b 

tri-rectangular triangle. 

Then, by Geometry, . 
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g 
In this formula, ~r^ — 2 is to be regarded as an 

abstract number. Minutes and seconds are to be re- 
duced to the decimal of a degree. 



196. Examples. 

1. Find the area of the spherical triangle whose 
angles are 60°, 80°, 100°, and the radius 3956.5 mi. 

Am, 16392592 sq. mi. 

2. Find the area of a spherical triangle whose sides 
are 70°, 90°, 100°, respectively, and radius 100 in. 

Am. 10942.1928 sq. in. 



196. Problem. 

To find the area of a spherical polygon. 

Let 8 be the sum of the angles, n the number of 
sides, k the area of the polygon, and r the radius of 
the sphere. 

Then, by Geometry, 

k = i^rn^o^2(n-2)]. 

197. Examples. 

1. The sum of the angles of a spherical hexagon is 
800°, the radius is 100 ft. ; required the area. 

Am. 13963. sq. ft. 

2. Each angle of a spherical pentagon is 120°, the 
radius is 50 ft. ; required the area. Am. 2618. sq. ft. 
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3. The angles of a spherical polygon are 90**, 100**, 
110°, 160**, respectively, the radius is 10 ft.; required 
the area. Am. 167.08 sq. ft. 

4. Each angle of a spherical decagon is 160**, the 
radius is 1 ft.; required the area. Arts, 1.0472 ft. 



198. Problem. 

To find, the area of the surface of a regular polyhedron. 

Let e be one edge, n the number of faces, if the 
area of a polygon whose side is 1, and similar to one 
face, and k the area of the entire surface. 

k'e^ = the area of one face. Article 168. 

.-. k=^nte^. 

199. Examples. 

1. What is the area of the entire surface of a tetra- 
hedron whose edge is 10 ft.? Ans. 173.20608 sq. ft 

2. What is the area of the entire surfece of a hexa- 
hedron whose edge is 6 ft.? Ans. 160 sq. ft. 

3. What is the area of the entire surface of an octa- 
hedron whose edge is 20 ft. ? Ans. 1386.64064 sq. ft. 

4. What is the area of the entire surface of a dodec< 
ahedron whose edge is 16 in.? Am. 32.25896 sq. ft. 

6. -What is the area of the entire surface of an icosa- 
hedron whose edge is 100 in. ? Am. 601.4066 sq. ft. 
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MENSURATION OP VOLUMES. 
300. Problem. 

To find the volume of a prism. 

Let k be the area of the base, a the altitude, and v 
the volume. Then, by Geometry, 

V = ak. 

201. Examples. 

1. What is the volume of a regular hexagonal prism 
whose altitude is 20 ft., and each side of the base 10 ft.? 

Ans. 5196.1524 eu. ft. 

2. What is the volume of a triangular prism whose 
altitude is 6 ft., and the sides of its base 3 ft., 4 ft., 
and 5 ft., respectively? Am, 36 cu. ft. 

3. What is the volume of a regular octagonal prism 
whose altitude is 120 ft., and each side of the base 
20 ft.? Am, 231764.5008 cu. ft. 

203. Problem. 

To find the volume of a pyramid. 

Let k be the area of the base, a the altitude, and v 

the volume. 

V =^ iak. 

203. Examples. 

1. What is the volume of a pyramid whose altitude 
is 15 ft., and whose base is a regular heptagon each 
side of which is 5 ft.? Am. 454.23905 cu.*ft. 

2. What is the volume of a pyramid whose altitude 
is 21 in., and whose base is a triangle each side of 
which is 30 in.? Am. 2727.98 cu. in. 
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204. Problem. 

To find the volume of the frustum of a pyramid. 

Let k and fc, be the areas of the bases, a the alti- 
tude, and V the volume. Then, by Geometry, 

(1) v=^a(k + k,^V'W,). 

If the bases are regular polygons whose sides are 
8 and s', we shall have, by article 168, k = k's^, and 
k^ = kfs'^, in which fc' is given in the table of article 
167, and (1) becomes 

(2) v = ia(s^ + s"^ + 88')¥. 

205. Examples. 

1. What is the volume of the frustum of a pyramid 
whose altitude is 9 ft., and whose bases are regular 
triangles, one side of the lower being 8 ft., and one 
side of upper, 5 ft.? ' Ans. 167.576 cu. ft. 

2. What is the volume of the frustum of a pyramid 
whose altitude is 27 in., and the bases regular hexa- 
gons, the sides of which are 10 in. and 6 in., respect- 
ively? Ans. 4583.0064 cu. in. 

206. Problem. 

To find the volume of a cylinder. 

Let r represent the radius, a the altitude, and v the 
volume. 

207. Examples. 

1. What is the volume of a cylinder whose altitude 
is 50 in., and radius 15 in.? Ans. 20.453 cu. ft. 

2. What is the volume of a cylinder whose altitude 
is 25 ft., and radius 4 ft.? Ans. 1256.64 cu. ft. 
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208. PiT^blem. 

To find the volume of a cone. 

Let r be the radius of the base, a the altitude, 
and V the volume. 

209. Examples. 

1. What is the volume of a cone whose altitude is 
21 in., and radius 10 in.? Ans, 2199,12 cu. in. 

2. What is the volume of a cone whose altitude is 
30 ft., and radius is 10 ft.? ' Ans, 31416. cu. ft. 

210. Problem. 

To find the volume of the frustum of a cone. 

Let r and r be the radii of the bases, a the altitude, 
and V the volume. 

211. Examples. 

1. What is the volume of the frustum of a cone 
whose altitude is 15 ft., and the radii of whose bases 
are 9 ft. and 4 ft, respectively? Ans. 2089.164 cu.ft. 

2. How many barrels will that cistern contain whose 
altitude is 8 ft., the diameter at the bottom 4 ft., and 
at the top 6 ft.? Ans, 37.8 bbl. 

212. Formulas for the Sphere. 

Let r be the radius, d the diameter, c the circum- 
ference, h the area of the surface, and v the volume 
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of a sphere, then, by Geometry, we have 

d =: 2 r, c = rrd, fc = 4 tit^, t; = J rife. 
From which verify the following table of formulas: 



> 1. 

2. 


c 


11. C = l/7Tjfc. 


12. c=T?"6»7r2. 


3. 


-*>/|- 


13. Jb = 4wr«. 


4. 


'-i^V- 


14. k = mi*. 


5. 

6. 


d = 2r. 

d=' . 

n 


15. ibr= *" . 

n 


16. ifc = ^36m>«. 


7. 


.=vi- 


17. f> = |7Tr». 


8. 


^=^r 


18. t» = |Trd«. 


9, 


c =2nr. 


.'»• '"s^- 


10. 


c = nd. 


20. . = |VI. 



213. Examples. 

1. Calling the diameter of the earth 7913 mi., and 
the diameter of the sun 856,000, find the ratio of their 
surfaces, also the ratio of their volumes. 

2. What is the volume of the shell of a hollow 
sphere whose radius is 8 ft. 4 in., and the thickness 
of the shell 3 ft. 6 in.? Ans. 1951.1081 cu. ft. 




178 MENSURATION. 

214. Problem. 

To find the volume of a spherical sector. 

A spherical sector is the volume generated by the 
revoLutioo. of any circular sector, ABC, 
about any diameter, DE. By Geometry, 
the volume of a spherical sector is 
equal to the zone which forms its base, 
multiplied by one-third of the radius. 

Let a be the altitude of the zone, 
and r the radius. 

. • . V = % nr^a. 

316. Examples. 

1. The altitude of the zone which forms the base 
of a sector is 6 ft., the radius is 12 ft.; required the 
volume. Ans. 1809.5616 cu. ft. 

2. The angle BCD, in the diagram of last article, is 
20^, ACB is 35^, r = 20 ft.; required the volume. 

Ans. 6134.25 cu. ft. 

216. Problem. 

To find the volume of a spherical segment. 

A spherical segment is the portion of a sphere in- 
cluded between two parallel planes. 

Let / = BF perpendicular to DE, 
and /' = AG perpendicular to DE. 

r = the radius, d'== CF, and d" = CG. 

V = the vol. generated by ABFG. 

^= the vol. generated hy ABC =^nr^a. 
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i/'= the vol. generated by BFC=id'7T/^. 
v'''= the vol. generated by AGC= Jd"7r/'2. 

The sign of i?'" is — or + according as AG is on 
the same or opposite side of the center as BF, 
. • . i; = J TT (2 ar2 + dy 2 q: d V'2). 

217. Examples. 

1. r = 12 in., /= 3 in., /'= 10 in.; required v. 

2. Two parallel planes divide a sphere whose diame- 
ter is 36 in. into three equal segments; required the 
altitude of each. Ans. 13.93 iu.; 8.14 in.; 13.93 in. 

218. Problem. 

To find the volume generated by the recolution of a cir- 
cvlar segment about a diameter exterior to it. 

Let V = vol. generated by ADB, ^^ 

I?' = vol. generated by ADBC, 
v'^= vol. generated by ABC, 
V = "i/ — v'\ 

Let a = FG, c = AB, p = CIj perpendicular to AB. 
v'=^nar^, . v'' = %'nap^. 
, . . i?'_ t/' = f TO (r2 — ;)2) ^ ^ 7rac2. 

. • . i; = J 7rac2. 

219. Examples. 

1. a =rr 5 in., c = 8 in. ; find v, Ans. 167.552 cu. In. 

2. A sphere 6 in. in diameter is bored through the 
center with a 3-inch auger; required the volume re- 
xoaining. Ans. 73.457 cu. in. 
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3. Prove that the volume generated by the segment 
whose altitude is a and chord c is to the sphere whose 
diameter is c as a : c, 

4. Prove that if c is parallel to the diameter about 
which it is revolved, the volume generated by the 
segment is equal to the volume of a sphere whose 
diameter is c. 



220. Problem. 

To find the volume of a wedge. 

The base is a rectangle, the sides are trapezoids, the 
ends, triangles. 

Let e be the edge, I the length 
of base, b the breadth of base, 
and a the altitude. 

Passing planes through the 
extremities of the edge perpendicular to' the base, we 
have a triangular prism and two pyramids. These 
pyramids may fall within or without the wedge, or 
one or both of the pyramids may vanish. 

But in all cases the formula is the same. 

\abe=^ the volume of the prism. 
Ja(Z — e)b = i\iQ volume of the pyramids. 

.-. v = lah(2l-\-e). 

^21. Examples. 

1. The edge of a wedge is 6 in., the altitude 12 in., 
the length of base 9 in., and the breadth of base 5 in.; 
what is the volume? Atis. 240 cu. in. 
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2. The edge of a wedge is 20 ft., the altitude 24 ft., 
thj length of base 15 ft., the breadth of base 10 ft. ; 
what is the volume ? A^is. 2000 cu. ft. 






222. Problem. 

To find the volwnie of a rectangular prtsnioid. 

The bases are parallel rect- 
angles, the other faces are 
trapezoids. 

Let I and b be the length 
and breadth of the lower base, 
U and 6' the length and breadth 
of the uppei* base, and a the 
altitude. 

Passing the plane as indicated, the prismoid is 
divided into two wedges. 

iab (2 I + V) =i: the vol. of wedge whose base is hi, 

i ab'(2 V -\- I) ^= fche vol. of wedge whose base is b'V, 

.'. v=^^a\h(2l + l') ^h'(2l'+iy]. 





223. Examples. 

1. The length and breadth of the lower base of a 
rectangular prismoid are 25 ft. and 20 ft., the length 
and breadth of the upper base are 15 ft. and 10 ft., 
and the altitude is 18 ft.; what is the volume? 

Ans, 5550 cu. ft. 

2. The length and breadth of the lower base of a 
rectangular prismoid are 15 yds. and 10 yds., the 
length and breadth of the upper base are 9 -yds. 
and 6 yds., and the altitude is 18 yds.; what is the 
volume? Ans. 1764 cu. yds. 
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224. Problem. 

To find the dihedral angle included by the fax^es of a 
regular polyhedron. 

Conceive a sphere whose radius is 1 so placed that 
its center shall be at any vertex of the polyhedron. 

The faces of the polyhedral angle will intersect the 
surface of the sphere in a regular polygon whose sides 
measure the plane angles that include the polyhedral 
angle, and whose angles are each equal to the required 
dihedral angle. 

Let ABCD be such a polygon, P 
the pole of a small circle passing 
through A, B, C, Z), E, Join P with 
the vertices and with the middle of 
AB by arcs of great carcles. 

Let n denote the number of sides of the polygon, 
8 = one side, and A= a dihedral angle. 

.p^ 360° 180° , .^ . 
. • . APQ = -c— = ' , and AQ = ^8. 

2 n n 

By Napier's circular parts, we have 

sin (90° — APQ) = cos AQ cos (90° — PAQ). 

1QAO 

or sin (90°— i^^) = cos Js cos (90°— i^). 

180° , . , , 

or cos ==: cos *s sin -hA, 

n 

. 1 . cos |180° 

.•. sin iA = ^^-^j 

cos j^8 

In the Tetrahedron, n = S, and 8 =-- 60°, 

.-. sin i^ =--. -''^^^. .-. ^ = 70° 31' 42". 
^ cos 30° 
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In the Hexahedron, ?i = 3, and s = 90°, 

. . . cos 60° . ^^o 
^ cos 45° ' 

In the Octahedron, n = 4, and s = 60°, 

. •. sin i ^ = -- qS • . •. ^ -= 109° 28' 18". 

"^ cos 30° 

In the Dodecahedron, ?i = 3, and 8 = 108°, 

.-. sin i^= 5^?-^o. .-. ^ = 116° 33' 54", 

^ cos 54° 

In the Icosahedron, w = 5, and 8 = 60°, 

.-. sin iA = 5^^-|£- .-. ^ -= 138° 11' 23". 

^ cos 30° 



225. Problem. 

To find the volume of a regular polyhedron. 

If planes be passed through the edges of the poly- 
hedron and the center, they will bisect the dihedral 
angles and divide the polyhedron into as many pyra- 
mids as it has faces. The faces will be the bases of the 
pyramids, the center will be their common vertex, the 
line drawn from the center of the polyhedron to the 
center of any base will be perpendicular to the base, 
and will be the altitude of the pyramid. 

From the foot of the perpendicular draw a perpen- 
dicular to one side of the base, and join the foot of 
this perpendicular with the center. We thus have a 
right triangle whose perpendicular is the altitude of 
the pyramid, the base the apothem of one face of the 
polyhedron, the angle opposite the perpendicular one- 
half the dihedral angle of the polyhedron. 
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. Let p be the perpendicular, a the apothem of one 
face, i A one-half of a dihedral angle, n' the number 
of sides of one face, and e one edge. 

p = at8in^A, a = i e cot ^ ISO"". Article 166. 

. • . p = iecot ^180° tan ^ A 

Let fc', n, and k be the same as in article 198. 

Then, ^pk = the volume of the polyhedron. 

. • . v = i nk'e^ cot ^ 180° tan i A. 

Let e = 1, and verify the table subjoined : 
226. Table. 



Names. 


Surfaces. 


Volume. 


• Tetrahedron 


1.7320508 


0.1178513 


Hexahedron 


6.0000000 


1.0000000 


. Octahedron 


3.4641016 


0.4714045 


Dodecahedron 


20.6457288 


7.6631189 


Icosahedron 


8.6602640 


2.1816950 



227. Application of the Table. 

Let v' and v denote similar regular polyhedrons 
whose edges are 1 and e, respectively. Then we have 

v' : V :: 1^ : e^. . • . v = r'e*. 

228. Examples. 

1. What is the volume of a tetrahedron whor' edge 
is 10 ft.? Ans, 117.8513 cu. ft. 

2. The volume of a hexahedron is 134217728 cu. in.; 
what is its surface ? Ana. 1572864 sq. in. 
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41 
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61 
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81 


1.90849 


2 
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22 


1.34242 


42 


1.62325 


62 


1 79239 


82 


1.91381 


3 


47712 


23 


1.36173 


43 


1.63347 


63 


1.79934 


83 


1.91908 


4 


0.60206 


24 


1.38021 


44 


1.64345 


64 


1.80618 


84 


1.92428 


5 


0.69897 


25 


1.39794 


45 


1.65321 


65 


1.81291 


85 


1.92942 


6 


0.77815 


26 


1.41497 


46 


1.66276 


66 


1.81954 


86 
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7 


0.84510 


27 
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47 
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67 
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87 
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8 
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28 
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48 


1.68124 


68 
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88 
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9 


0.95424 


29 
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49 
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69 
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89 
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10 
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30 
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50 
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70 
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90 
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11 
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31 
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51 
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71 
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91 
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12 


1.07918 


32 
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52 
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72 
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92 


1.96379 


13 
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33 
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53 
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73 


1.86332 


93 
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14 
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34 
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54 
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74 
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94 
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95 
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16 


1.20412 


36 


1.55630 


56 
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76 
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96 
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17 
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57 
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77 
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97 


1.98677 


18 
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38 


1.57978 


58 


1.76343 


78 


1.89209 


98 


1.99123 


19 
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39 


1.59106 


59 
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79 


1.89763 


99 


1.99564 


20 


1.30103 


40 


1.60206 


60 


1.77815 


80 


1.90309 


100 


2.00000 
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2 
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217 
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260 


7 
303 
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346 


9 

389 


D. 
43 


00000 


101 


432 


475 


518 


561 


604 


647 


689 


732 


775 
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43 
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i57 
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42 


103 
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410 


452 


494 


536 
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11 
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703 


745 


787 


828 


870 


912 
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995 
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160 


202 


243 


284 


325 
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41 
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531 
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776 


816 
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40 
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218 
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376 
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39 
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650 
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727 
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844 


883 


39 


112 


922 


961 
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o38 


o77 


il5 


i54 


i92 


231 


269 


39 


113 


05308 


346 


385 


423 


461 


500 


538 


576 


614 


652 


38 


114 


690 


729 


767 


805 


843 


881 


918 


956 


994 


o32 


38 


115 


06070 


108 


145 


183 


221 


258 


296 


333 


371 


408 


38 


116 


446 


483 


521 


558 


595 


633 


670 


707 


744 


781 


37 


117 


819 


856 


893 


930 


967 


o04 


o41 


o78 


il5 


i51 


37 


118 


07188 


225 


262 


298 


335 


372 


408 


445 


482 


518 


37 


119 


555 


591 


628 


664 


700 


737 


773 


809 


846 


882 


36 


120 


918 


954 


990 


o27 


o63 


o99 


i35 


i71 


207 


243 


36 


12J 


0827« 


314 


350 


386 


422 


458 


493 


529 


565 
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36 
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672 


707 


743 


778 
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849 


884 
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35 
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35 
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35 
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35 
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312 
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34 
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34 
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34 
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34 
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33 


131 


727 
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893 
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33 
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189 
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320 
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33 


133 


3S5 


418 


450 


483 


516 
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613 


646 
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33 


134 
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743 


775 
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840 
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905 


937 


969 


oOl 


32 
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066 
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194 


226 
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322 


32 


136 


354 


386 


418 


450 


481 


513 
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577 
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32 


137 


672 
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735 


767 
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830 
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893 
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956 


32 


138 


988 


ol9 


o51 


o82 
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31 


139 


14301 


333 


364 


395 


426 


457 


489 


520 


551 


582 


31 


140 


613 


644 


675 


706 


737 


768 


799 


829 


860 


891 


31 


141 


922 


953 


983 


ol4 


o45 


o76 


i06 


i37 


i68 


i98 


31 
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15229 


259 


290 


320 


351 


381 


412 


442 


473 


503 


31 
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534 


564 
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625 
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806 
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146 
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465 


495 


524 
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702 


30 


147 


732 


761 


791 


820 


850 


879 


909 


938 


967 


997 


29 


148 
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056 


085 


114 
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173 


202 


231 


260 
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29 


149 
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348 


377 


406 
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464 


493 


522 


551 
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29 


150 


609 


638 


667 


696 


725 


754 


782 


811 


840 


869 


29 


151 


898 


926 


955 


984 


()13 


o41 


o70 


o99 


i27 


i56 


29 


152 


18184 


213 


241 


270 


298 


327 
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384 


412 


441 


29 
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469 


498 


526 


554 


583 
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639 


667 


696 


724 


28 
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752 


780 


808 


837 


865 


893 
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949 


977 


o05 


28 
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061 


089 


117 


145 


173 


201 


229 


257 


285 


28 


156 


312 


340 


368 


396 


424 


451 


479 


507 


535 


562 


28 


157 


590 


618 


645 


673 


700 


728 


756 


783 


811 


838 


28 


158 


866 


893 


921 


948 


976 


o03 


o30 


o58 


o85 


il2 


27 


159 


20140 


167 


194 


222 


249 


276 


303 


330 


358 


385 


27 


160 


412 


439 


466 


493 


520 


548 


575 


602 


629 


656 


27 


161 


683 


710 


737 


763 


790 


817 


844 


871 


898 


925 


27 


162 


952 


978 


o05 


o32 


o59 


o85 


il2 


i39 


i65 


i92 


27 


163 


21219 


245 


272 


299 


325 


352 


378 


405 


431 


458 


27 


164 


484 


511 


537 


564 


590 


617 


643 


669 


696 


722 


26 


165 


748 


775 


801 


827 


854 


880 


906 


932 


958 


985 


26 


166 
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037 


063 


089 


115 


141 


167 


194 


220 


246 


26 


167 


272 


298 


324 


350 


376 


401 


427 


453 


479 


505 


26 


168 


531 


557 


583 


608 


634 


660 


686 


712 


737 


763 


26 


169 


789 


814 


840 


866 


891 


917 


943 


968 


994 


ol9 


26 
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23045 


070 
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147 
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198 


223 


249 


274 


25 


171 
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325 


350 


376 
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426 


452 
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502 


528 


25 


172 


553 


578 
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729 


754 


779 
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805 


830 


855 


880 


905 


930 


955 


980 


o05 
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24055 


080 


105 


130 


155 


180 


204 


229 
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25 
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452 
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502 


527 


25 
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576 
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625 
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724 


748 


773 


25 


177 


797 


822 


846 


871 


895 


920 


944 


969 


993 


ol8 


25 


178 


25042 


066 


091 


115 


139 


164 
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212 


237 


261 


24 


179 


285 
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382 


406 
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455 


479 


503 


24 


180 


527 


551 
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600 


624 


648 


672 


696 


720 


744 


24 


181 


768 


792 


816 


840 


864 


888 
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935 


959 


983 
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055 


079 
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245 
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340 
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191 


28103 


126 


149 


171 


194 


217 


240 


262 


285 


307 


23 


192 


330 


353 


375 


398 


421 


443 


466 


488 


511 


533 


23 


193 


556 


578 


601 


623 


646 


668 


691 


713 


735 


758 


22 


194 


780 


803 


825 


847 


870 


892 


914 


937 


959 


981 


22 


195 


29003 


026 


048 


070 


092 


115 


137 


159 


181 


203 


22 


196 


226 


248 


270 


292 


314 


336 


358 


380 


403 


425 


22 


197 


447 


469 


491 


513 


535 


557 


579 
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623 


645 


22 
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754 
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820 


842 
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885 


907 
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205 
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218 


239 
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281 
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345 
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206 


387 


408 
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534 
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21 


207 


597 


618 
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660 


681 


702 
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765 
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21 


208 


806 
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908 
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218 
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16 
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249 
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409 
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457 
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408 
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15 
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255 
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479 
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538 
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761 
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820 
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864 


879 


894 


909 
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967 
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997 
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029 


044 


058 
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202 
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230 


244 


259 


273 


14 
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302 


316 


330 


344 


359 


373 
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416 


14 


305 


430 


444 


458 


473 


487 


501 


515 


530 


544 


558 


14 


306 


572 
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601 


615 


629 
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657 
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686 


700 


14 


307 


714 


728 
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756 


770 


785 
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813 


827 


841 
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308 


855 
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883 


897 
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940 


954 
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o38 


o52 


o66 


o80 


o94 


i08 


i22 


14 


310 
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206 


220 
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248 
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276 
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304 
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360 
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402 
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429 


443 
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485 
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513 


527 
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596 


610 


624 


638 
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679 


14 


314 


693 


707 


721 


734 


748 


762 


776 


790 


803 


817 


14 


315 


831 


845 


859 


872 


886 


900 


914 


927 


941 


955 


14 


316 


969 


982 


996 
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o24 


o37 


o51 


o65 


o79 


o92 


14 


317 
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120 


133 


147 


161 


174 


188 


202 


215 


229 


14 


318 


243 


256 


270 


284 


297 


311 


325 


338 


352 


365 


14 


319 


379 


393 


406 


420 


433 


447 


461 


474 


488 


501 


14 


320 


515 


529 


542 


556 


569 


583 


596 


610 


623 


637 


14 


321 


651 


664 


678 


691 


705 


718 


732 


745 


759 


772 


14 


322 


786 


799 


813 


826 


840 


853 


866 


880 
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640 
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13 
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720 
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759 


772 


786 


799 
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838 
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218 
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244 
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284 
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349 


362 


13 
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375 


388 
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414 


427 


440 


453 
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479 
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13 


335 


504 


517 


530 


543 


556 


569 


582 


595 


608 


621 


13 


336 


634 


647 


660 
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686 


699 


711 


724 


737 


750 


13 


337 


763 


776 


789 


802 
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827 


840 


853 
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13 
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13 
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148 


161 


173 


186 


199 


212 


224 


237 


250 


263 


13 


341 


275 


288 


301 


314 


326 


339 


352 


364 


377 


390 


13 


342 


403 


415 


428 


441 


453 


466 


479 


491 


504 


517 


13 


343 


529 


542 


555 


567 


580 


593 


605 


618 


631 


643 


13 


344 


656 


668 


681 


694 


706 


719 


732 


744 


757 


769 


13 


345 


782 


794 


807 


820 


832 


845 


857 


870 


882 


895 


13 


346 


908 


920 


933 


945 


958 


970 


983 


995 


o08 


o20 


13 


347 


54033 


045 


058 


070 


083 


095 


108 


120 


133 


145 


13 


348 


158 


170 


183 


195 


208 


220 


233 


245 


258 


270 


12 


349 


283 


295 


307 


320 


332 


345 


357 


370 


382 


394 


12 


350 


407 


419 


432 


444 


456 


469 


481 


494 


506 


518 


12 


351 


531 


543 


555 


568 


580 


593 


605 


617 


630 


642 


12 


352 


654 


667 


679 


691 


704 


716 


728 


741 


753 


765 


12 


353 


777 


790 


802 


814 


827 


839 


851 


864 


876 


888 


12 


354 


900 


913 


925 


937 


949 


962 


974 


986 


998 


oil 


12 


355 


55023 


035 


047 


mo 


072 


084 


096 


108 


121 


133 


12 


356 


145 


157 


169 


182 


194 


206 


218 


230 


242 


255 


12 


357 


267 


279 


291 


303 


315 


328 


340 


352 


364 


376 


12 


358 


388 


400 


413 


425 


437 


449 


461 


473 


485 


497 


12 


359 


509 


522 


534 


546 


558 


570 


582 


594 


606 


618 


12 


360 


630 


642 


654 


666 


678 


691 


703 


715 


727 


739 


12 


361 


751 


763 


775 


787 


799 


811 


823 


835 


847 


859 


12 


362 


871 


883 


895 


907 


919 


931 


943 


955 


967 


979 


12 


363 


991 


o03 


ol5 


o27 


o38 


o50 


o62 


o74 


o86 


o98 


12 


364 


56110 


122 


134 


146 


158 


170 


182 


194 


205 


217 


12 


365 


229 


241 


253 


265 


277 


289 


301 


312 


324 


336 


12 


366 


348 


360 


372 


384 


396 


407 


419 


431 


443 


455 


12 


367 


467 


478 


490 


502 


514 


526 


538 


549 


561 


573 


12 


368 


585 


597 


608 


620 


632 


644 


656 


667 


679 


691 


12 


369 


703 


714 

1 


726 
2 


738 
3 


750 
4 


761 
5 


773 
6 


785 
7 


797 
8 


808 


12 
D. 






370-414 



LOGARITHMS. 



56820-61794 



370 





1 
832 


2 

844 


3 

855 


4 
867 


5 
879 


6 
891 


7 
902 


8 
914 


9 
926 


D. 
12 


56820 


371 


937 


949 


961 


972 


984 


996 


o08 


ol9 


o31 


o43 


12 


372 


57054 


066 


078 


089 


101 


113 


124 


136 


148 


159 


12 


373 


171 


183 


194 


206 


217 


229 


241 


252 


264 


276 


12 


374 


287 


299 


310 


322 


334 


345 


357 


368 


380 


392 


12 


375 


403 


415 


426 


438 


449 


461 


473 


484 


496 


507 


12 


376 


519 


530 


542 


553 


565 


576 


588 


600 


611 


623 


12 


377 


634 


646 


657 


669 


680 


692 


703 


715 


726 


738 




378 


749 


761 


772 


784 


795 


807 


818 


830 


841 


852 




379 


864 


875 


887 


898 


910 


921 


933 


944 


955 


967 




380 


978 


990 


oOl 


ol3 


o24 


o35 


o47 


o58 


o70 


o8l 




.381 


58092 


104 


115 


127 


138 


149 


161 


172 


184 


195 




382 


206 


218 


229 


240 


252 


263 


274 


286 


297 


309 




383 


320 


331 


343 


354 


365 


377 


388 


399 


410 


422 




384 


433 


444 


456 


467 


478 


490 


501 


512 


524 


535 




385 


546 


557 


569 


580 


591 


602 


614 


625 


636 


647 




386 


659 


670 


681 


692 


704 


715 


726 


737 


749 


760 




387 


771 


782 


794 


805 


816 


827 


838 


850 


861 


872 




388 


883 


894 


906 


917 


928 


939 


950 


961 


973 


984 




389 


995 


o06 


ol7 


o28 


040 


o51 


o62 


o73 


o84 


o95 




390 


59106 


118 


129 


140 


151 


162 


173 


184 


195 


207 




391 


218 


229 


240 


251 


262 


273 


284 


295 


306 


318 




392 


329 


340 


351 


362 


373 


384 


395 


406 


417 


428 




393 


439 


450 


461 


472 


483 


494 


506 


517 


528 


539 




394 


550 


561 


572 


583 


594 


605 


616 


627 


638 


649 




395 


660 


671 


682 


693 


704 


715 


726 


737 


748 


759 




396 


770 


780 


791 


802 


813 


824 


835 


846 


857 


868 




397 


879 


890 


901 


912 


923 


934 


945 


956 


966 


.977 




398 


988 


999 


olO 


o21 


o32 


o43 


o54 


o65 


o76 


o86 




399 


60097 


108 


119 


130 


141 


152 


163 


173 


184 


195 




400 


206 


217 


228 


239 


249 


260 


271 


282 


293 


304 




401 


314 


325 


336 


347 


358 


369 


379 


390 


401 


412 




402 


423 


433 


444 


455 


466 


477 


487 


498 


509 


520 




403 


531 


541 


552 


563 


574 


584 


595 


606 


617 


627 




404 


638 


649 


660 


670 


681 


692 


703 


713 


724 


735 




405 


746 


756 


767 


778 


788 


799 


810 


821 


831 


842 




406 


853 


863 


874 


885 


895 


906 


917 


927 


938 


949 


11 


407 


959 


970 


981 


991 


o02 


ol3 


o23 


o34 


o45 


o55 




408 


61066 


077 


087 


098 


109 


119 


130 


140 


151 


162 




409 


172 


183 


194 


204 


215 


225 


236 


247 


257 


268 




410 


278 


289 


300 


310 


321 


331 


342 


352 


363 


374 




411 


384 


395 


405 


416 


426 


437 


448 


458 


469 


479 




412 


490 


500 


511 


521 


532 


542 


553 


563 


574 


584 




413 


595 


606 


616 


627 


637 


648 


658 


669 


679 


690 




414 


700 


711 



1 


721 
2 


731 
3 


742 
4 


752 
5 


763 
6 


773 
7 


784 
8 


794 
9 


10 






415-459 



LOGARITHMS. 



61805-66266 



415 





1 
815 


2 

826 


3 

836 


4 

847 


5 

857 


6 

868 


7 

878 


8 

888 


9 

899 


D. 

10 


61805 


416 


909 


920 


930 


941 


951 


962 


972 


982 


993 


o03 


10 


417 


62014 


024 


034 


045 


055 


066 


076 


086 


097 


107 


10 


418 


118 


128 


138 


149 


159 


170 


180 


190 


201 


211 


10 


419 


221 


232 


242 


252 


263 


273 


284 


294 


304 


315 


10 


420 


325 


335 


346 


356 


366 


377 


387 


397 


408 


418 


10 


421 


428 


439 


449 


459 


469 


480 


490 


500 


511 


521 


10 


422 


531 


542 


552 


562 


572 


583 


593 


603 


613 


624 


10 


423 


634 


644 


655 


665 


675 


685 


696 


706 


716 


726 


10 


424 


737 


747 


757 


767 


778 


788 


798 


808 


818 


829 


10 


425 


839 


849 


859 


870 


880 


890 


900 


910 


921 


931 


10 


426 


941 


951 


961 


972 


982 


992 


o02 


ol2 


o22 


o33 


10 


427 


63043 


053 


063 


073 


083 


094 


104 


114 


124 


134 


10 


428 


144 


155 


165 


175 


185 


195 


205 


215 


225 


236 


10 


429 


246 


256 


266 


276 


286 


296 


306 


317 


327 


337 


10 


430 


347 


357 


367 


377 


387 


397 


407 


417 


428 


438 


10 


431 


448 


458 


468 


478 


488 


498 


508 


518 


528 


538 


10 


432 


548 


558 


568 


579 


589 


599 


609 


619 


629 


639 


10 


433 


649 


659 


669 


679 


689 


699 


709 


719 


729 


739 


10 


434 


749 


759 


769 


779 


789 


799 


809 


819 


829 


839 


10 


435 


849 


859 


869 


879 


889 


899 


909 


919 


929 


939 


10 


436 


949 


959 


969 


979 


988 


998 


o08 


ol8 


o28 


o38 


10 


437 


64048 


058 


068 


078 


088 


098 


108 


118 


128 


137 


10 


438 


147 


157 


167 


177 


187 


197 


207 


217 


227 


237 


10 


439 


246 


256 


266 


276 


286 


296 


306 


316 


326 


335 


10 


440 


345 


355 


365 


375 


385 


395 


404- 


414 


424 


434 


10 


441 


444 


454 


464 


473 


483 


493 


503 


513 


523 


532 


10 


442 


542 


552 


562 


572 


582 


591 


601 


611 


621 


631 


10 


443 


640 


650 


660 


670 


680 


689 


699 


709 


719 


729 


10 


444 


738 


748 


758 


768 


777 


787 


797 


807 


81.6 


826 


10 


445 


836 


846 


856 


865 


875 


885 


895 


904 


914 


924 


10 


446 


933 


948 


953 


963 


972 


982 


992 


o02 


oil 


o21 


10 


447 


65031 


040 


050 


060 


070 


079 


089 


099 


108 


118 


10 


448 


128 


137 


147 


157 


167 


176 


186 


196 


205 


215 


10 


449 


225 


234 


244 


254 


263 


273 


283 


292 


302 


312 


10 


450 


321 


331 


341 


350 


360 


369 


379 


389 


398 


408 


10 


451 


418 


427 


437 


447 


456 


466 


475 


485 


495 


504 


10 


452 


514 


523 


533 


543 


552 


562 


571 


581 


591 


600 


10 


453 


610 


619 


629 


639 


648 


658 


667 


677 


686 


696 


10 


454 


706 


715 


725 


734 


744 


753 


763 


772 


782 


792 


9 


455 


801 


811 


820 


830 


839 


849 


858 


868 


877 


887 


9 


456 


896 


906 


916 


925 


935 


944 


954 


963 


973 


982 


9 


457 


992 


oOl 


oil 


o20 


o30 


o39 


o49 


o58 


o68 


o77 


9 


458 


66087 


096 


106 


115 


124 


134 


143 


153 


162 


172 


9 


459 


181 


191 

1 


200 
2 


210 
3 


219 
4 


229 
5 


238 
6 


247 
7 


257 
8 


266 
9 


9 
D. 






460-504 



LOGARITHMS. 



66276-70321 



460 





1 
285 


2 

295 


3 
304 


4 
314 


5 
323 


6 
332 


7 

342 


8 
351 


9 
361 


D. 

9 


66276 


461 


370 


380 


389 


398 


408 


417 


427 


436 


445 


455 


9 


462 


464 


474 


483 


492 


502 


511 


521 


530 


539 


549 


9 


463 


558 


567 


577 


586 


596 


605 


614 


624 


633 


642 


9 


464 


652 


661 


671 


680 


689 


699 


708 


717 


727 


736 


9 


465 


745 


755 


764 


773 


783 


792 


801 


811 


820 


829 


9 


466 


839 


848 


857 


867 


876 


885 


894 


904 


913 


922 


9 


467 


932 


941 


950 


960 


969 


978 


987 


997 


o06 


015 


9 


468 


67025 


034 


043 


052 


062 


071 


080 


089 


099 


108 


9 


469 


117 


127 


136 


J 45 


154 


164 


173 


182 


191 


201 


9 


470 


210 


219 


228 


237 


247 


256 


265 


274 


284 


293 


9 


471 


302 


311 


321 


330 


339 


348 


357 


367 


376 


385 


9 


472 


394 


403 


413 


422 


431 


440 


449 


459 


468 


477 


9 


473 


486 


495 


504 


514 


523 


532 


541 


550 


560 


569 


9 


474 


578 


587 


596 


605 


614 


624 


633 


642 


651 


660 


9 


475 


669 


679 


688 


697 


706 


715 


724 


733 


742 


752 


9 


476 


761 


770 


779 


788 


797 


806 


815 


825 


834 


843 


9 


477 


852 


861 


870 


879 


888 


897 


906 


916 


925 


934 


9 


478 


943 


952 


961 


970 


979 


988 


997 


o06 


ol5 


o24 


9 


479 


68034 


043 


052 


061 


070 


079 


088 


097 


106 


115 


9 


480 


124 


133 


142 


151 


160 


169 


178 


187 


196 


205 


9 


481 


215 


224 


233 


242 


251 


260 


269 


278 


287 


296 


9 


482 


305 


314 


323 


332 


341 


350 


359 


368 


377 


386 


9 


483 


395 


404 


413 


422 


431 


440 


449 


458 


467 


476 


9 


484 


485 


494 


502 


511 


520 


529 


538 


547 


556 


565 


9 


485 


574 


583 


592 


601 


610 


619 


628 


637 


646 


655 


9 


486 


664 


673 


681 


690 


699 


708 


717 


726 


735 


744 


9 


487 


753 


762 


771 


780 


789 


797 


806 


815 


824 


833 


9 


488 


842 


851 


860 


869 


878 


886 


895 


904 


913 


922 


9 


489 


931 


940 


949 


958 


966 


975 


984 


993 


o02 


oil 


9 


490 


69020 


028 


037 


046 


055 


064 


073 


082 


090 


099 


9 


491 


108 


117 


126 


135 


144 


152 


161 


170 


179 


188 


9 


492 


197 


205 


214 


223 


232 


241 


249 


258 


267 


276 


9 


493 


285 


294 


302 


311 


320 


329 


338 


346 


355 


364 


9 


494 


373 


381 


390 


399 


408 


417 


425 


434 


443 


452 


9 


495 


461 


469 


478 


487 


496 


504 


513 


522 


531 


539 


9 


496 


548 


557 


566 


574 


583 


592 


601 


609 


618 


627 


9 


497 


636 


644 


653 


662 


671 


679 


688 


697 


705 


714 


9 


498 


723 


732 


740 


749 


758 


767 


775 


784 


793 


801 


9 


499 


810 


819 


827 


836 


845 


854 


862 


871 


880 


888 


9 


500 


897 


906 


914 


923 


932 


940 


949 


958 


966 


975 


9' 


501 


984 


992 


oOl 


olO 


ol8 


o27 


o36 


o44 


o53 


o62 


9 


502 


70070 


079 


088 


096 


105 


114 


122 


131 


140 


148 


9 


503 


157 


165 


174 


183 


191 


200 


209 


217 


226 


234 


9 


504 


243 


252 

1 


260 
2 


269 
3 


278 

4 


286 
5 


295 
6 


303 
7 


312 
8 


321 
9 


9 
D. 






10 



505-549 



LOGARITHMS. 



70329-7402$ 



505 





1 
338 


2 
346 


3 
355 


4 

364 


5 
372 


6 
381 


7 

389 


8 

398 


9 
406 


D. 
~9 


70329 


506 


415 


424 


432 


441 


449 


458 


467 


475 


484 


492 


9 


507 


501 


509 


518 


526 


535 


544 


552 


561 


569 


578 


9 


508 


586 


595 


603 


612 


621 


629 


638 


646 


655 


663 


9 


509 


672 


680 


689 


697 


706 


714 


723 


731 


740 


749 


9 


510 


757 


766 


774 


783 


791 


800 


808 


817 


825 


834 


9 


511 


842 


851 


859 


868 


876 


885 


893 


902 


910 


919 


9 


512 


927 


935 


944 


952 


961 


969 


978 


986 


995 


o03 


9 


513 


71012 


020 


029 


037 


046 


054 


063 


071 


079 


088 


8 


514 


096 


105 


113 


122 


130 


139 


147 


155 


164 


172 


8 


515 


181 


189 


198 


206 


214 


223 


231 


24t) 


248- 


257 


8 


516 


265 


273 


282 


290 


299 


307 


315 


324 


332 


341 


8 


517 


349 


357 


366 


374 


383 


391 


399 


408 


416 


425 


8 


518 


433 


441 


450 


458 


466 


475 


483 


492 


500 


508 


8 


519 


517 


525 


533 


542 


550 


559 


567 


575 


584 


592 


8 


520 


600 


609 


617 


625 


634 


642 


650 


659 


667 


675 


8 


521 


684 


692 


700 


709 


717 


725 


734 


742 


750 


759 


8 


522 


767 


775 


784 


792 


800 


809 


817 


825 


834 


842 


8 


523 


850 


858 


867 


875 


883 


892 


900 


908 


917 


925 


8 


524 


933 


941 


950 


958 


966 


975 


983 


991 


999 


0O8 


8 


525 


72016 


024 


032 


041 


049 


057 


066 


074 


082 


090 


8 


526 


099 


107 


115 


123 


132 


140 


148 


156 


165 


173 


8 


527 


181 


189 


198 


206 


214 


222 


230 


239 


247 


255 


8 


528 


263 


272 


280 


288 


296 


304 


313 


321 


329 


337 


8 


529 


346 


354 


362 


370 


378 


387 


395 


403 


411 


419 


8 


530 


428 


436 


444 


452 


460 


469 


477 


485 


493 


501 


8 


531 


509 


518 


526 


534 


542 


550 


558 


567 


575 


583 


8 


532 


591 


599 


607 


616 


624 


632 


640 


648 


656 


665 


8 


533 


673 


681 


689 


697 


705 


713 


722 


730 


738 


746 


8 


534 


754 


762 


770 


779 


787 


795 


803 


811 


819 


827 


8 


535 


835 


843 


852 


860 


868 


876 


884 


892 


900 


908 


8 


536 


916 


925 


933 


941 


949 


957 


965 


973 


981 


989 


8 


537 


997 


o06 


014 


o22 


o30 


o38 


o46 


o54 


o62 


o70 


8 


538 


73078 


086 


094 


102 


111 


119 


127 


135 


143 


151 


8 


539 


159 


167 


175 


183 


191 


199 


207 


215 


223 


231 


8 


540 


239 


247 


255 


263 


272 


280 


288 


296 


304 


312 


8 


541 


320 


328 


336 


344 


352 


360 


368 


376 


384 


392 


8 


542 


400 


408 


416 


424 


432 


440 


448 


456 


464 


472 


8 


543 


480 


488 


496 


504 


512 


520 


528 


536 


544 


552 


8 


544 


560 


568 


576 


584 


592 


600 


608 


616 


624 


632 


8 


545 


640 


648 


656 


664 


672 


679 


687 


695 


703 


711 


8 


546 


719 


727 


735 


743 


751 


759 


767 


775 


783 


791 


8 


547 


799 


807 


815 


823 


830 


838 


846 


854 


862 


870 


8 


548 


878 


886 


894 


902 


910 


918 


926 


933 


941 


949 


8 


549 


957 


965 

1 


973 
2 


981 
3 


989 
4 


997 
5 


o05 
6 


ol3 
7 


o20 
8 


o28 
9 


8 
D. 






11 



§50-594 






LOGARITHMS. 




74036-77444 


N. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 


550 


74036 


044 


052 


060 


068 


076 


084 


092 


099 


107 


8 


651 


115 


123 


131 


139 


147 


155 


162 


170 


178 


186 


8 


552 


194 


202 


210 


218 


225 


233 


241 


249 


257 


265 


8 


553 


273 


280 


288 


296 


304 


312 


320 


327 


335 


343 


8 


554 


351 


359 


367 


374 


382 


390 


398 


406 


414 


421 


8 


555 


429 


437 


445 


453 


461 


468 


476 


484 


492 


500 


8 


556 


507 


515 


523 


531 


539 


547 


554 


562 


570 


578 


8 


557 


586 


593 


601 


609 


617 


624 


632 


640 


648 


656 


8 


558 


663 


671 


679 


687 


695 


702 


710 


718 


726 


733 


8 


559 


741 


749 


757 


764 


772 


780 


788 


796 


803 


811 


8 


560 


819 


827 


834 


842 


850 


858 


865 


873 


881 


889 


8 


561 


896 


904 


912 


920 


927 


935 


943 


950 


958 


966 


8 


562 


974 


981 


989 


997 


o05 


ol2 


o2() 


o28 


o35 


o43 


8 


563 


75051 


059 


066 


074 


082 


089 


097 


105 


113 


120 


8 


564 


128 


136 


143 


151 


159 


166 


174 


182 


189 


197 


8 


565 


205 


213 


220 


228 


236 


243 


251 


259 


266 


274 


8 


566 


282 


289 


297 


305 


312 


320 


328 


335 


343 


351 


8 


567 


358 


366 


374 


381 


389 


397 


404 


412 


420 


427 


8 


568 


435 


442 


450 


458 


465 


473 


481 


488 


496 


504 


8 


569 


511 


519 


526 


534 


542 


549 


557 


565 


572 


580 


8 


570 


587 


595 


603 


610 


618 


626 


633 


641 


648 


656 


8 


571 


664 


671 


679 


686 


694 


702 


709 


717 


724 


732 


8 


572 


740 


747 


755 


762 


770 


778 


785 


793 


800 


808 


8 


573 


815 


823 


831 


838 


846 


853 


861 


868 


876 


884 


8 


574 


891 


899 


906 


914 


921 


929 


937 


944 


952 


959 


8 


575 


967 


974 


982 


989 


991 


o05 


ol2 


o20 


o27 


o35 


8 


576 


76042 


050 


057 


065 


072 


080 


087 


095 


103 


110 


8 


577 


118 


125 


133 


140 


148 


155 


163 


170 


178 


185 


8 


578 


193 


200 


208 


215 


223 


230 


238 


245 


253 


260 


8 


579 


268 


275 


283 


290 


298 


305 


313 


320 


328 


335 


8 


580 


343 


350 


358 


365 


373 


380 


388 


395 


403 


410 


8 


581 


418 


425 


433 


440 


448 


455 


462 


470 


477 


485 




582 


492 


500 


507 


515 


522 


530 


537 


545 


552 


559 




583 


567 


574 


582 


5S9 


597 


604 


612 


619 


626 


634 




584 


641 


649 


656 


664 


671 


678 


686 


693 


701 


708 




585 


716 


723 


730 


738 


745 


753 


760 


768 


775 


782 




586 


790 


797 


805 


812 


819 


827 


834 


842 


849 


856 




587 


864 


871 


879 


886 


893, 


901 


908 


916 


923 


930 




588 


938 


945 


953 


960 


967 


975 


982 


989 


997 


o()4 




589 


77012 


019 


026 


034 


041 


048 


056 


063 


070 


078 




590 


085 


093 


100 


107 


115 


122 


129 


137 


144 


151 




591 


159 


166 


173 


181 


188 


195 


203 


210 


217 


225 




592 


232 


240 


247 


254 


262 


269 


276 


283 


291 


298 




593 


305 


313 


320 


327 


335 


342 


349 


357 


364 


371 




594 
N. 


379 


386 

1 


393 
2 


401 
3 


408 

4 


415 
5 


422 
6 


430 
7 


437 
8 


444 
9 


D. 






12 



595-639 



LOGARITHMS. 



7745a-806U 



595 





459 


2 
466 


3 
474 


4 

'481 


5 

488 


6 

495 


7 
503 


8 

510 


9 
517 


D. 


77452 


596 


525 


532 


539 


546 


554 


561 


568 


576 


583 


590 




597 


597 


605 


612 


619 


627 


634 


641 


648 


656 


663 




598 


670 


677 


685 


692 


699 


706 


714 


721 


728 


735 




599 


743 


750 


757 


764 


772 


779 


786 


793 


801 


808 




600 


815 


822 


830 


837 


844 


851 


859 


866 


873 


880 




601 


887 


895 


902 


909 


916 


924 


931 


938 


945 


952 




602 


960 


967 


974 


9.81 


988 


996 


o03 


olO 


ol7 


o25 




603 


78032 


039 


046 


053 


061 


068 


075 


082 


089 


097 




604 


104 


111 


118 


-125 


132 


140 


147 


154 


161 


168 




605 


176 


183 


190 


197 


204 


211 


219 


226 


233 


240 




606 


247 


254 


262 


269 


276 


283 


290 


297 


305 


312 




607 


319 


326 


333 


340 


347 


355 


362 


369 


376 


383 




608 


390 


398 


405 


412 


419 


426 


433 


440 


447 


455 




609 


462 


469 


476 


483 


490 


497 


504 


512 


519 


526 




610 


533 


540 


547 


554 


561 


569 


576 


583 


590 


597 




611 


604 


611 


618 


625 


633 


640 


647 


654 


661 


668 




612 


675' 


682 


689 


696 


704 


711 


718 


725 


732 


739 




613 


746 


753 


760 


767 


774 


781 


789 


796 


803 


810 




614 


817 


824 


831 


838 


845 


852 


859 


866 


873 


880 




615 


888 


895 


902 


909 


916 


923 


930 


937 


944 


951 




616 


958 


965 


972 


979 


986 


993 


oOO 


o07 


ol4 


o21 




617 


79029 


036 


043 


050 


057 


064 


071 


078 


085 


092 




618 


099 


106 


113 


120 


127 


134 


141 


148 


155 


162 




619 


169 


176 


183 


190 


197 


204 


211 


218 


225 


232 




620 


239 


246 


253 


260 


267 


274 


281 


288 


295 


302 




621 


309 


316 


323 


330 


337 


344 


351 


358 


365 


372 




622 


379 


386 


393 


400 


407 


414 


421 


428 


435 


442 




623 


449 


456 


463 


470 


477 


484 


491 


498 


505 


511 




624 


518 


525 


532 


539 


546 


553 


560 


567 


574 


581 




625 


588 


595 


602 


609 


616 


623 


630 


637 


644 


650 




626 


657 


664 


671 


678 


685 


692 


699 


706 


713 


720 




627 


727 


734 


741 


748 


754 


761- 


768 


775 


782 


789 




628 


796 


803 


810 


817 


824 


831 


837 


844 


851 


858 




629 


865 


872 


879 


886 


893 


900 


906 


913 


920 


927 




630 


934 


941 


948 


955 


962 


969 


975 


982 


989 


996 




631 


80003 


010 


017 


024 


030 


037 


044 


051 


058 


065 




632 


072 


079 


085 


092 


099 


106 


113 


120 


127 


134 




633 


140 


147 


154 


161 


168 


175 


182 


188 


195 


202 




634 


209 


216 


223 


229 


236 


243 


250 


257 


264 


271 




635 


277 


284 


291 


298 


305 


312 


318 


325 


332 


339 




636 


346 


353 


359 


366 


373 


380 


887 


393 


400 


407 




637 


414 


421 


428 


434 


441 


448 


455 


462 


468 


475 




638 


482 


489 


496 


502 


509 


516 


523 


530 


536 


543 




639 


550 


557 
1 


564 
2 


570 
3 


577 
4 


584 
5 


591 
6 


598 
7 


604 
8 


611 
9 


D. 






13 



640-684 



LOGARITHMS. 



8061^83563 



640 





1 
625 


2 
632 


3 
638 


4 

645 


5 
652 


6 
659 


7 . 
665 


8 
672 


9 
679 


D. 


80618 


641 


686 


693 


699 


706 


713 


720 


726 


733 


740 


747 




642 


754 


760 


767 


774 


781 


787 


794 


801 


808 


814 




643 


821 


828 


835 


841 


848 


855 


862 


868 


875 


882 




644 


889 


895 


902 


909 


916 


922 


929 


936 


943 


949 




645 


956 


963 


969 


976 


983 


990 


996 


o03 


olO 


ol7 




646 


81023 


030 


037 


043 


050 


057 


064 


070 


077 


084 




647 


090 


097 


104 


111 


117 


124 


131 


137 


144 


151 




648 


158 


164 


171 


178 


184 


191 


198 


204 


211 


218 




649 


224 


231 


238 


245 


251 


258 


265 


271 


278 


285 




650 


291 


298 


305 


31J 


318 


325 


331 


338 


345 


351 




651 


358 


365 


371 


378 


385 


391 


398 


405 


411 


418 




652 


425 


431 


438 


445 


451 


458 


465 


471 


478 


485 




653 


491 


498 


505 


511 


518 


525 


531 


538 


544 


551 




654 


558 


564 


571 


578 


584 


591 


598 


604 


611 


617 




655 


624 


631 


637 


644 


651 


657 


664 


671 


677 


684 




656 


690 


697 


704 


710 


717 


723 


730 


737 


743 


750 




657 


757 


763 


770 


776 


783 


790 


796 


803 


809 


816 




658 


823 


829 


836 


842 


849 


856 


862 


869 


875 


882 




659 


889 


895 


902 


908 


915 


921 


928 


935 


941 


948 




660 


954 


961 


968 


974 


981 


987 


994 


oOO 


o07 


ol4 




661 


82020 


027 


033 


040 


046 


053 


060 


066 


073 


079 




662 


086 


092 


099 


105 


112 


119 


125 


132 


138 


145 




663 


151 


158 


164 


171 


178 


184 


191 


197 


204 


210 




664 


217 


223 


230 


236 


243 


249 


256 


263 


269 


276 




665 


282 


289 


295 


302 


308 


315 


321 


328 


334 


341 




666 


347 


354 


360 


367 


373 


380 


387 


393 


400 


406 




667 


413 


419 


426 


432 


439 


445 


452 


458 


465 


471 




668 


478 


484 


491 


497 


504 


510 


517 


523 


530 


536 




669 


543 


549 


556 


562 


569 


575 


582 


588 


595 


601 




670 


607 


614 


620 


627 


633 


640 


646 


653 


659 


666 


7 


671 


672 


679 


685 


692 


698 


705 


711 


718 


724 


730 


6 


672 


737 


743 


750 


756 


763 


769 


776 


782 


789 


795 


6 


673 


802 


808 


814 


821 


827 


834 


840 


847 


853 


860 


6 


674 


866 


872 


879 


885 


892 


898 


905 


911 


918 


924 


6 


675 


930 


937 


943 


950 


956 


963 


969 


975 


982 


988 


6 


676 


995 


oOl 


o08 


ol4 


o20 


o27 


o33 


o40 


o46 


o52 


6 


677 


83059 


065 


072 


078 


085 


091 


097 


104 


110 


117 


6 


678 


123 


129 


136 


142 


149 


155 


161 


168 


174 


181 


6 


679 


187 


193 


200 


206 


213 


219 


225 


232 


238 


245 


6 


680 


251 


257 


264 


270 


276 


283 


289 


296 


302 


308 


6 


68] 


315 


321 


327 


334 


340 


347 


353 


359 


366 


372 


6 


682 


378 


385 


391 


398 


404 


410 


417 


423 


429 


436 


6 


683 


442 


448 


455 


461 


467 


474 


480 


487 


493 


499 


6 


684 


506 


512 

1 


518 
2 


525 
3 


531 
4 


537 
5 


544 
6 


550 
7 


556 
8 


563 
9 


6 
D. 






14 



685-729 



LOGARITHMS. 



83569-86326 



N. 
685 





1 
575 


2 

582 


3 

588 


4 

594 


5 
601 


6 

607 


7 
613 


8 

620 


9 

626 


D. 
6 


83569 


686 


632 


639 


645 


651 


658 


664 


670 


677 


683 


689 


6 


687 


696 


702 


708 


715 


721 


727 


734 


740 


746 


753 


6 


688 


759 


765 


771 


778 


784 


790 


797 


803 


809 


816 


6 


689 


822 


828 


835 


841 


847 


853 


860 


866 


872 


879 


6 


690 


885 


891 


897 


904 


910 


916 


923 


929 


935 


942 


6 


691 


948 


954 


960 


967 


973 


979 


985 


992 


998 


o04 


6 


692 


84011 


017 


023 


029 


036 


042 


048 


055 


061 


067 


6 


693 


073' 


080 


086 


092 


098 


105 


111 


117 


123 


130 


6 


694 


136 


142 


148 


155 


161 


167 


173 


180 


186 


192 


6 


695 


198 


205 


211 


217 


223 


230 


236 


•242 


248 


255 


6 


696 


261 


267 


273 


280 


286 


292 


298 


305 


311 


317 


6 


697 


323 


330 


336 


342 


348 


354 


361 


367 


373 


379 


6 


698 


386 


392 


398 


404 


410 


417 


423 


429 


435 


442 


6 


699 


448 


454 


460 


466 


473 


479 


485 


491 


497 


504 


6 


700 


510 


516 


522 


528 


535 


541 


547 


553 


559 


566 


6 


701 


572 


578 


584 


590 


597 


603 


609 


615 


621 


628 


6 


702 


634 


640 


646 


652 


658 


665 


671 


677 


683 


689 


6 


703 


696 


702 


708 


714 


720 


726 


733 


739 


745 


751 


6 


704 


757 


763 


770 


776 


782 


788 


794 


800 


807 


813 


6 


705 


819 


825 


831 


837 


844 


850 


856 


862 


868 


874 


6 


706 


880 


887 


893 


899 


905 


911 


917 


924 


930 


936 


6 


707 


942 


948 


954 


960 


967 


973 


979 


985 


991 


997 


6 


708 


85003 


009 


016 


022 


028 


034 


040 


046 


052 


058 


6 


709 


065 


071 


077 


083 


089 


095 


101 


107 


114 


120 


6 


710 


126 


132 


138 


144 


150 


156 


163 


169 


175 


181 


6 


711 


187 


193 


199 


205 


211 


217 


224 


230 


236 


242 


6 


712 


248 


254 


260 


266 


272 


278 


285 


291 


297 


303 


6 


713 


309 


315 


321 


327 


333 


339 


345 


352 


358 


364 


6 


714 


370 


376 


382 


388 


394 


400 


406 


412 


418 


425 


6 


715 


431 


437 


443 


449 


455 


461 


467 


473 


479 


485 


6 


716 


491 


497 


503 


509 


516 


522 


528 


534 


540 


546 


6 


717 


552 


558 


564 


570 


576 


582 


588 


594 


600 


606 


6 


718 


612 


618 


625 


631 


637 


643 


649 


655 


661 


667 


6 


719 


673 


679 


685 


691 


697 


703 


709 


715 


721 


727 


6 


720 


733 


739 


745 


751 


757 


763 


769 


775 


781 


788 


6 


721 


794 


800 


806 


812 


818 


824 


830 


836 


842 


848 


6 


722 


854 


860 


866 


872 


878 


884 


890 


896 


902 


908 


6 


723 


914 


920 


926 


932 


938 


944 


950 


956 


962 


968 


6 


724 


974 


980 


986 


992 


998 


o04 


olO 


ol6 


o22 


o28 


6 


725 


86034 


040 


046 


052 


058 


064 


070 


076 


082 


088 


6 


726 


094 


100 


106 


112 


118 


124 


130 


136 


141 


147 


6 


727 


153 


159 


165 


171 


177 


183 


189 


195 


201 


207 


6 


728 


213 


219 


225 


231 


237 


243 


249 


255 


261 


267 


6 


729 


273 


279 

1 


285 
2 


291 
3 


297 
4 


303 
5 


308 
6 


314 
7 


320 
8 


326 
9 


6 






15 



730-774 



LOGARITHMS. 



86332-88925 



730 





1 
338 


2 
344 


3 
350 


4 

356 


6 
362 


6 
368 


7 
374 


8 

380 


9 
386 


D. 
6 


86332 


731 


392 


398 


404 


410 


415 


421 


427 


433 


439 


445 


6 


732 


451 


457 


463 


469 


475 


481 


487 


493 


499 


504 


6 


733 


510 


516 


522 


528 


534 


540 


546 


552 


558 


564 


6 


734 


570 


576 


581 


587 


593 


599 


605 


611 


617 


623 


6 


735 


629 


635 


641 


646 


652 


658 


664 


670 


676 


682 


6 


736 


688 


694 


700 


705 


711 


717 


723 


729 


735 


741 


6 


737 


747 


753 


759 


764 


770 


776 


782 


788 


794 


800 


6 


73S 


806 


812 


817 


823 


829 


835 


841 


847 


8*3 


859 


6 


739 


864 


870 


876 


882 


888 


894 


900 


906 


911 


917 


6 


740 


923 


929 


935 


941 


947 


953 


958 


964 


970 


976 


6 


741 


982 


988 


994 


999 


o05 


oil 


ol7 


o23 


o29 


o35 


6 


742 


87040 


046 


052 


058 


064 


070 


075 


081 


087 


093 


6 


743 


099 


105 


111 


116 


122 


128 


134 


140 


146 


151 


6 


744 


157 


163 


169 


175 


181 


186 


192 


198 


204 


210 


6 


745 


216 


221 


227 


233 


239 


245 


251 


256 


262 


268 


6 


746 


274 


280 


286 


291 


297 


303 


309 


315 


320 


326 


6 


747 


332 


338 


344 


349 


355 


361 


367 


373 


379 


384 


6 


748 


390 


396 


402 


408 


413 


419 


425 


431 


437 


442 


6 


749 


448 


454 


460 


466 


471 


477 


483 


489 


495 


500 


6 


750 


506 


512 


518 


523 


529 


535 


541 


547 


552 


558 


6 


751 


564 


570 


576 


581 


587 


593 


599 


604 


610 


616 


6 


752 


622 


628 


633 


639 


645 


651 


656 


662 


668 


674 


6 


753 


679 


685 


691 


697 


703 


708 


714 


720 


726 


731 


6 


754 


737 


743 


749 


754 


760 


766 


772 


777 


783 


789 


6 


755 


795 


800 


806 


812 


818 


823 


829 


835 


841 


846 


6 


756 


852 


858 


864 


869 


875 


881 


887 


892 


898 


904 


6 


757 


910 


915 


921 


927 


933 


938 


944 


950 


955 


961 


6 


758 


967 


973 


978 


984 


990 


996 


oOl 


o07 


ol3 


ol8 


6 


759 


88024 


030 


036 


04i 


047 


053 


058 


064 


070 


076 


6 


760 


081 


087 


093 


098 


104 


110 


116 


121 


127 


133 


6 


761 


138 


144 


150 


1.56 


161 


167 


173 


178 


184 


190 


6 


762 


195 


201 


207 


213 


218 


224 


230 


235 


241 


247 


6 


763 


252 


258 


264 


270 


275 


281 


287 


292 


298 


304 


6 


764 


309 


315 


321 


326 


332 


338 


343 


349 


355 


360 


6 


765 


366 


372 


377 


383 
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395 


400 


406 


412 
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6 


766 


423 


429 


434 


440 


446 


451 


457 


463 


468 


474 


6 


767 


480 


485 


491 


497 


502 


508 


513 


519 


525 


530 


6 


768 


536 


542 
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553 


559 


564 


570 


576 


581 


587 


6 


769 


593 


598 


604 


610 


615 


621 


627 


632 


638 


643 
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770 


649 


655 


660 


666 


672 


677 


683 


689 


694 


700 


6 


771 


705 


711 


717 


722 


728 


734 


739 


745 


750 


756 


6 


772 


762 


767 


773 


779 


784 


790 


795 


801 


807 


812 


6 


773 


818 


824 
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840 


846 


852 


857 
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775-819 



LOGARITHMS. 



S8930-91376 



775 





1 
936 


2 
941 


3 
947 


4 
953 


5 

958 


6 
964 


7 

969 


8 

975 


9 
981 


D. 
6 


88930 


776 


986 


992 


997 


o03 


o09 


ol4 


o20 


o25 


o31 


o37 


6 


777 


89042 


048 


053 


059 


064 


070 


076 


081 


087 


092 


6 


778 


098 


104 


109 


115 


120 


126 


131 


137 


143 


148 


6 


779 


154 


159 


165 


170 


176 


182 


187 


193 


198 


204 


6 


780 


209 


215 


221 


226 


232 


237 


243 


248 


254 


260 


6 


781 


265 


271 


276 


282 


287 


293 


298 


304 


310 


315 


6 


782 


321 


326 


332 


337 


343 


348 


354 


360 


365 
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6 


783 


376 


382 


387 


393 


398 


404 


409 


415 


421 


426 


6 


784 


432 


437 


443 


448 


454 


459 


465 


470 


476 


481 


6 


785 


487 


492 


498 


504 


509 


515 


520 


526 


531 


537 


6 


786 


542 


548 


553 


559 


564 


570 


575 


581 


586 


592 


6 


787 


597 


603 


609 


614 


620 


625 


631 


636 


642 


647 


6 


788 


653 


658 


664 


669 


675 


680 


686 


691 


697 


702 


6 


789 


708 713 


719 


724 


730 


735 


741 


746 


752 


757 
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790 


763 1 768 


774 


779 


785 


790 
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801 


807 


812 


6 


791 


818 


823 


829 


834 


840 


845 


851 


856 


862 


867 


5 


792 


873 


878 


883 


889 


894 


900 


905 


911 


916 


922 


5 


793 


927 


933 


938 


944 


949 


955 


960 


966 


971 


977 


5 


794 


982 


988 


993 


998 


o04 


o09 


ol5 


o20 


o26 


o31 
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795 


90037 


042 


048 


053 


059 


064 


069 


075 


080 


086 


5 


796 


091 


097 


102 


108 


113 


119 


124 


129 


135 


140 


5 


797 


146 


151 


157 


162 


168 


173 


179 


184 


189 


195 


5 


798 


200 


206 


211 


217 


222 


227 


233 


238 


244 


249 


5 


799 


255 


260 


266 


271 


276 


282 


287 


293 


298 


304 


5 


800 


309 


314 


320 


325 


331 


336 


342 


347 


352 


358 


5 


801 


363 


369 


374 


380 


385 


390 


396 


401 


407 


412 
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802 
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423 


428 


434 


439 


445 


450 


455 


461 


466 
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803 
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482 
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515 


520 
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804 


526 


531 
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547 


553 
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563 
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574 
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805 


580 


585 


590 


596 


601 


607 


612 


617 


623* 


628 
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806 


634 


639 


644 


650 


655 


660 


666 


671 


677 


682 
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807 


687 


693 


698 


703 


709 


714 


720 


725 


730 


736 
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808 
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757 


763 


768 


773 


779 
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809 


795 
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806 
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816 
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832 
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843 
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810 
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854 
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907 
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924 
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940 
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950 
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812 
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988 


993 


998 
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813 


91009 


014 


020 


025 


030 


036 


041 


046 


052 


057 
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814 


062 


068 


073 


078 


084 


089 


094 


100 


105 


110 


5 


815 


116 


121 


126 


132 


137 


142 


148 


153 


158 


164 


5 


816 


169 


174 
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185 
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196 


201 


206 


212 


217 
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817 


222 


228 
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238 
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270 
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17 



820-864 



LOGARITHMS. 



91381-93697. 



820 
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387 
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392 
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397 
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403 
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408 
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413 
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418 
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424 
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429 
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91381 


821 


434 


440 


445 


450 


455 


461 


466 


471 
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482 
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514 
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535 
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640 
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551 
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561 
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572 
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824 


593 


598 


603 


609 
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619 
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635 


640 
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825 


645 
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661 


666 
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677 


682 


687 


693 
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826 


698 
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709 
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724 


730 


735 
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745 
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756 


761 


766 
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777 


782 
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798 
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828 


803 


808 


814 


819 


824 


829 


834 


840 


845 


850 
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829 


855 


861 


866 
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876 
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887 
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897 


903 


5 


830 


908 


913 


918 


924 


929 


934 


939 


944 


950 


955 
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831 


960 


965 


971 


976 


981 


986 


991 


997 


o02 


o07 


5 


832 


92012 


018 


023 


028 


033 


038 


044 


049 


054 


059 


5 


833 


065 


070 


075 


080 


085 


091 


096 


101 


106 


111 


5 


834 


117 


122 


127 


132 


137 


143 


148 


153 


158 


163 


5 


835 


169 


174 
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184 


189 


195 


200 


205 


210 


215 
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836 


221 


226 


231 


236 


241 


247 


252 


257 


262 


267 
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837 


273 


278 


283 


288 


293 


298 


304 


309 


314 


319 
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838 


324 


330 
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340 


345 


350 


355 


361 


366 
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839 


376 


381 
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392 


397 


402 


407 


412 


418 


423 
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840 


428 


433 


438 


443 


449 


454 


459 


464 


469 


474 


5 


841 


480 


485 


490 


495 


500 


505 


511 


516 


521 


526 


5 


842 


531 


536 


542 


547 


552 


557 


562 


567 


572 


578 


5 


843 


583 


588 


593 


598 


603 


609 


614 


619 


624 


629 


5 


844 


634 


639 


645 


650 


655 


660 


665 


670 


675 


681 


5 


845 


686 


691 


696 


701 


706 


711 


716 


722 


727 


732 


5 


846 


737 


742 


747 


752 


758 


763 


768 


773 


778 


783 


5 


847 


788 


793 


799 


804 


809 


814 


819 


824 


829 


834 


5 


848 


840 


845 


850 


855 


860 


865 


870 


875 


881 


886 


5 


849 


891 


896 


901 


906 


911 


916 


921 


927 


932 


937 


5 


850 


942 


947 


952 


957 


962 


967 


973 


978 


983 


988 


5 


851 


993 


998 


o03 


o08 


ol3 


ol8 


o24 


o29 


o34 


o39 


5 


852 


93044 


049 


054 


059 


064 


069 


075 


080 


085 


090 


5 


853 


095 


100 


105 


110 


115 


120 


125 


131 


136 


141 


5 


854 


146 


151 


156 


161 


166 


171 


176 


181 


186 


192 


5 


855 


197 


202 


207 


212 


217 


222 


227 


232 


237 


242 


5 
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247 


252 


258 


263 


268 


273 


278 


283 


288 


293 
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857 


298 


303 


308 


313 


318 


323 


328 


334 


339 


344 
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858 


349 


354 


359 


364 


369 


374 


379 


384 
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394 


5 


859 


399 


404 


409 


414 


420 


425 


430 


435 


440 


445 


6 


860 


450 


455 


460 


465 


470 


475 


480 


485 


490 


495 


5 


861 


500 


505 


510 


515 


520 


526 


531 


536 


541 


546 


5 


862 


551 


556 


561 


566 


571 


576 


581 


586 


591 


596 
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863 


601 
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611 


616 
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641 


646 
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S65-d0d 



LOGARITHMS. 



93702-95899 



865 





1 
707 


2 
712 


3 
717 


4 
722 


6 

727 


6 
732 


7 

737 


8 
742 


9 

747 


5 


93702 


866 


752 


757 


762 


767 


772 


777 


782 


787 


792 


797 


5 


867 


802 


807 


812 


817 


822 


827 


832 


837 


842 
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5 


868 


852 


857 


862 


867 


872 


877 


882 


887 


892 


897 


5 


869 


902 


907 


912 


917 


922 


927 


932 


937 


942 


947 


5 


870 


952 


957 


962 


967 


972 


977 


982 


987 


992 


997 


5 


871 


94002 


007 


012 


017 


022 


027 


032 


037 


042 


047 


5 


872 


052 


057 


062 


067 


072 


077 


082 


086 


091 


096 


5 


873 


101 


106 


111 


116 


121 


126 


131 


136 


141 


146 


5 


874 


151 


156 


161 


166 


171 


176 


181 


186 


191 


196 


5 


875 


201 


206 


211 


216 


221 


226 


231 


236 


240 


245 


5 


876 


250 


255 


260 


265 


270 


275 


280 


285 


290 


295 


6 


877 


300 


305 


310 


315 


320 


325 


330 


335 


340 


345 


5 


878 


349 


354 


359 


364 


369 


374 


379 


384 


389 


394 


5 


879 


399 


404 


409 


414 


419 


424 


429 


433 


438 


443 


5 
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448 


453 


458 


463 


468 


473 


478 


483 


488 


493 


5 


881 


498 


503 


507 


512 


517 


522 


527 


532 


537 


542 


5 


882 
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552 


557 


562 


567 


571 


576 


581 


586 


591 


5 


883 


596 


601 


606 


611 


616 


621 


626 


630 


635 


640 


5 


884 


645 


650 


655 


660 


665 


670 


675 


680 


685 


689 


5 


885 


694 


699 


704 


709 


714 


719 


724 


729 


734 


738 


5 


886 


743 


748 


753 


758 


763 


768 


773 


778 


783 


787 


5 


887 


792 


797 


802 


807 


812 


817 


822 


827 


832 


836 


5 


888 


841 


846 


851 


856 


861 


866 


871 


876 


880 


885 


5 


889 


890 


895 


900 


905 


910 


915 


919 


924 


929 


934 


5 


890 


939 


944 


949 


954 


959 


963 


968 


973 


978 


983 


5 


891 


988 


993 


998 


o02 


o07 


ol2 


ol7 


o22 


o27 


o32 


5 


892 


95036 


041 


046 


051 


056 


061 


066 


071 


075 


080 


5 


893 


085 


090 


095 


100 


105 


109 


114 


119 


124 


129 


5 


894 


134 


139 


143 


148 


153 


158 


163 


168 


173 


177 


5 


895 


182 


187 


192 


197 


202 


207 


211 


216 


221 


226 


5 


896 


231 


236 


240 


245 


250 


255 


260 


265 


270 


274 


5 


897 


279 


284 


289 


294 


299 


303 


308 


313 


318 


323 


5 


898 


328 


332 


337 


342 


347 


352 


357 


361 


366 
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5 


899 


376 


381 


386 


390 


395 


400 


405 


410 


415 


419 


5 


900 


424 


429 


434 


439 


444 


448 


453 


458 


463 


468 


5 


901 


472 


477 


482 


487 


492 


497 


501 


506 


511 


516 


5 


902 


521 


525 


530 


535 


540 


545 


550 


554 


559 


564 


5 


903 


569 


574 


578 


583 


588 


593 


598 


602 


607 


612 


6 


904 


617 


622 


626 


631 


636 


641 


646 


650 


655 


660 


5 


905 


665 


670 


674 


679 


684 


689 


694 


698 


703 


708 


5 


906 


713 


718 


722 


727 


732 


737 


742 


746 


751 


756 


5 


907 


761 


766 


770 


775 


780 


785 


789 


794 


799 


804 


5 


908 


809 


813 


818 


823 


828 


832 
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847 


852 
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910-954 



LOOARITHMS. 



95904-97996. 



910 
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909 
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914 


3 

918 
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923 


5 

928 


6 
933 


7 

938 
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942 
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947 


D. 
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95904 


911 


952 


957 


961 


966 


971 


976 


980 


985 


990 


995 


6 


912 


999 


o04 


o09 


ol4 


ol9 


o23 


o28 


o33 


o38 


o42 


5 


913 


96047 


052 


057 


061 


066 


071 


076 


080 


085 


090 


5 


914 


095 


099 


104 


109 


114 


118 


123 


128 


133 


137 


6 


915 


142 


147 


152 


156 


161 


166 


171 


175 


180 


185 


5 


916 


190 


194 


199 


204 


209 


213 


218 


223 


227 


232 


5 


917 


237 


242 


246 


251 


256 


261 


265 


270 


275 


280 


5 


918 


284 


289 


294 


298 


303 


308 


313 


317 


322 


327 


5 


919 


332 


336 


341 


346 


350 


355 


360 
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369 


374 


5 


920 


379 


384 


388 


393 


398 


402 


407 


412 


417 


421 
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921 


.426 


431 
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440 


445 


450 


454 


459 


464 


468 
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478 
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497 
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515 
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520 
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534 
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548 


553 
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562 
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924 
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586 


591 
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600 


605 


609 
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925 


614 
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624 


628 


633 


638 


642 


647 


652 


656 


5 


926 


661 


666 


670 


675 


680 


685 


689 


694 


699 


703 


5 


927 


708 
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717 


722 


727 


731 


736 


741 
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750 


5 


928 
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759 


764 


769 
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778 


783 


788 


792 


797 
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929 


802 


806 


811 


816 


820 


825 


830 


834 


839 
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853 


858 
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886 
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931 
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909 
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928 


932 


937 
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932 


"942 


946 


951 


956 


960 


965 


970 


974 


979 


984 


5 


933 


988 


993 


997 


o02 


o07 


oil 


ol6 


o21 


o25 


o30 


5 


934 


97035 


039 


044 


049 


053 


058 


063 


067 


072 


077 


5 


935 


081 


086 


090 


095 


100 


104 


109 


114 


118 


123 


5 


936 


128 


132 


137 


142 


146 


151 


155 


160 


165 


169 
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179 


183 


188 


192 


197 


202 


206 


211 


216 


5 


938 


220 


225 


230 


234 


239 


243 


248 


253 


257 
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5 


939 


267 


271 
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280 


285 


290 


294 


299 


304 


308 


5 
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313 


317 


322 


327 


331 
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340 


345 


350 
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5 


941 


359 


364* 


368 


373 


377 


382 


387 


391 


396 


400 


5 


942 


405 


410 


414 


419 


424 


428 


433 


437 


442 


447 
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943 


451 


456 


460 


465 


470 


474 


479 


483 


488 
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35 


55 


81915 


82082 


82248 


82413 


82577 


82741 


82904 


34 


56 


82904 


83066 


83228 


83389 


83549 


83708 


83867 


33 


57 


83867 


84025 


84182 


84339 


84495 


84650 


84805 


32 


58 


84805 


84959 


85112 


85264 


85416 


85567 


85717 


31 


59 


85717 


85866 


86015 


86163 


86310 


86457 


86603 


30 


60 


86603 


86748 


86892 


87036 


87178 


87321 


87462 


29 


61 


87462 


87603 


87743 


87882 


88020 


88158 


88295 


28 


62 


88295 


88431 


88566 


88701 


88835 


88968 


89101 


27 


63 


89101 


89232 


89363 


89493 


89623 


89752 


89879 


26 


64 


89879 


90007 


90133 


90259 


90383 


90507 


90631 


25 


65 


90631 


90753 


90875 


90996 


91116 


91236 


91355 


24 


66 


91355 


91472 


91590 


91706 


91822 


91936 


92050 


23 


67 


92050 


92164 


92276 


92388 


92499 


92609 


92718 


22 


68 


92718 


92827 


92935 


93042 


93148 


93253 


93358 


21 


69 


93358 


93462 


93565 


93667 


93769 


93869 


93969 


20 


70 


93969 


94068 


94167 


94264 


94361 


94457 


94552 


19 


71 


94552 


94646 


94740 


94832 


94924 


95015 


95106 


18 


72 


95106 


95195 


95284 


95372 


95459 


95545 


95630 


17 


73 


95630 


95715 


95799 


95882 


95964 


96046 


96126 


16 


74 


96126 


96206 


96285 


96363 


96440 


96517 


96593 


15 


75 


96593 


96667 


96742 


96815 


96887 


96959 


97030 


14 


76 


97030 


97100 


97169 


97237 


97304 


97371 


97437 


13 


77 


97437 


97502 


97566 


97630 


97692 


97754 


97815 


12 


78 


97815 


97875 


97934 


97992 


98050 


98107 


98163 


11 


79 


98163 


98218 


98272 


98325 


98378 


98430 


98481 


10 


80 


98481 


98531 


98580 


98629 


98676 


98723 


98769 


9 


81 


98769 


98814 


98858 


98902 


98944 


98986 


99027 


8 


82 


99027 


99067 


99106 


99144 


99182 


99219 


99255 


7 


83 


99255 


99290 


99324 


99357 


99390 


99421 


99452 


6 


84 


99452 


99482 


99511 


99540 


99567 


99594 


99619 


5 


85 


99619 


99644 


99668 


99692 


99714 


99736 


99756 


4 


86 


99756 


99776 


99795 


99813 


99831 


99847 


99863 


3 


87 


99863 


^99878 


99892 


99905 


99917 


99929 


99939 


2 


88 


99939 


99949 


99958 


99966 


99973 


99979 


99985 


1 


89 


99985 


99989 


99993 


99996 


99998 


99999 


1.0000 





Deg. 




5C 


4C 


3(y 


20' 


10' 


0' 


^ 
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NATURAL TANGENTS. 






Deg. 



C 


ic 


20^ 


30' 


40' 


50' 




Deg. 

89 


00000 


00291 


00582 


00873 


01164 


01455 


01746 


1 


01746 


02036 


02328 


02619 


02910 


03201 


03492 


88 


2 


03492 


03783 


04075 


04366 


04668 


04949 


05241 


87 


3 


05241 


05533 


05824 


06116 


06408 


06700 


06993 


86 


4 


06993 


07285 


07578 


07870 


08163 


08456 


08749 


86 


5 


08749 


09042 


09335 


09629 


09923 


10216 


10510 


84 


6 


10510 


10805 


11099 


11394 


11688 


1J983 


12278 


83 


7 


12278 


12574 


12869 


13165 


13461 


13758 


14054 


82 


8 


14054 


14351 


14648 


14945 


15243 


15540 


15838 


81 


9 


15838 


16137 


16435 


16734 


17033 


17333 


17633 


80 


10 


17633 


17933 


18233 


18534 


18835 


19136 


19438 


79 


11 


19438 


19740 


20042 


20345 


20648 


20952 


21256 


78 


12 


21256 


21560 


21864 


22169 


22476 


22781 


'23087 


77 


13 


23087 


23393 


23700 


24008 


24316 


24624 


24933 


76 


14 


24933 


25242 


25552 


25862 


26172 


26483 


26795 


75 


15 


26795 


27107 


27419 


27732 


28046 


28360 


28676 


74 


16 


28675 


28990 


29305 


29621 


29938 


30255 


30573 


73 


17 


30573 


30891 


31210 


31530 


31850 


32171 


32492 


72 


18 


32492 


32814 


33136 


33460 


33783 


34108 


34433 


71 


19 


34433 


34758 


35085 


35412 


35740 


36068 


36397 


70 


20 


36397 


36727 


37057 


37388 


37720 


38053 


38386 


69 


21 


38386 


38721 


39055 


39391 


39727 


40065 


40403 


68 


22 


40403 


40741 


41081 


41421 


41763 


42105 


42447 


67 


23 


42447 


42791 


43136 


43481 


43828 


44175 


44523 


66 


24 


44523 


44872 


45222 


45573 


45924 


46277 


46631 


65 


25 


46631 


46985 


47341 


47698 


48055 


48414 


48773 


64 


26 


48773 


49134 


49495 


49858 


50222 


50587 


50953 


63 


27 


50953 


51319 


51688 


52057 


52427 


52798 


53171 


62 


28 


53171 


53545 


53920 


54296 


54673 


55051 


55431 


61 


29 


55431 


55812 


56194 


56577 


56962 


57348 


57735 


60 


30 


57735 


58124 


58513 


58905 


69297 


59691 


60086 


69 


31 


60086 


60483 


60881 


61280 


61681 


62083 


62487 


58 


32 


62487 


62892 


63299 


63707 


64117 


64528 


64941 


57 


33 


64941 


65355 


65771 


66189 


66608 


67028 


67461 


66 


34 


67451 


67875 


68301 


68728 


69157 


69588 


70021 


66 


35 


70021 


70455 


70891 


71329 


71769 


72211 


72664 


64 


36 


72654 


73100 


73547 


73996 


74447 


74900 


75355 


53 


37 


75355 


75812 


76272 


76733 


77196 


77661 


78129 


52 


38 


78129 


78598 


79070 


79544 


80020 


80498 


80978 


51 


39 


80978 


81461 


81946 


82434 


82923 


83415 


83910 


60 


40 


83910 


84407 


84906 


85408 


85912 


86419 


86929 


49 


41 


86929 


87441 


87955 


88473 


88992 


89515 


90040 


48 


42 


90040 


90569 


91099 


91633 


92170 


92709 


93252 


47 


43 


93252 


93797 


94345 


94896 


95451 


96008 


96569 


46 


44 

Deg. 


96569 


97133 


97700 


98270 


98843 


99420 


1.00000 


45 
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W 
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3(y 
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III.— 


NATURAL TANGENTS. 






Deg. 
45 


0' 
1.00000 


ICK 


2^ 


30' 


4C 


sc 




Deg. 
44 


1.00583 


1.01170 


1.01761 


1.02355 


1.02952 


1.03653 


46 


1.03553 


1.04158 


1.04766 


1.05378 


1.05994 


1.06613 


1.07237 


43 


47 


1.07237 


1.07864 


1.08496 


1.09131 


1.09770 


1.10414 


1.11061 


42 


48 


1.11061 


1.11713 


1.12369 


1.13029 


1.13694 


1.14363 


1.15037 


41 


49 


1.15037 


1.15715 


1.16398 


1.17085 


1.17777 


1.18474 


1.19175 


40 


50 


1.19175 


1.19882 


1.20593 


1.21310 


1.22031 


1.22758 


1.23490 


39 


51 


1.23490 


1.24227 


1.24969 


1.25717 


1.26471 


1.27230 


1.27994 


38 


52 


1.27994 


1.28764 


1.29541 


1.30323 


1.31110 


1.31904 


1.32704 


37 


53 


1.32704 


1.33511 


1.34323 


1.35142 


1.35968 


1.36800 


1.37638 


36 


54 


1.37638 


1.38484 


1.39336 


1.40195 


1.41061 


1.41934 


1.42815 


35 


55 


1.42815 


1.43703 


1.44598 


1.45501 


1.46411 


1.47330 


1.48256 


34 


56 


1.48256 


1.49190 


1.50133 


1.51084 


1.52043 


1.53010 


1.53987 


33 


57 


1.53987 


1.54972 


1.55966 


1.56969 


1.57981 


1.59002 


1.60033 


32 


58 


1.60033 


1.61074 


1.62125 


1.63185 


1.64256 


1.65337 


1.66428 


31 


59 


1.66428 


1.67530 


1.68643 


1.69766 


1.70901 


1.72047 


1.73205 


30 


60 


1.73205 


1.74375 


1.75556 


1.76749 


1.77955 


1.79174 


1.80406 


29 


61 


1.80405 


1.81649 


1.82906 


1.84177 


1.85462 


1.86760 


1.88073 


28 


62 


1.88073 


1.89400 


1.90741 


1.92098 


1.93470 


1.94858 


1.96261 


27 


63 


1.96261 


1.97680 


1.99116 


2.00569 


2.02039 


2.03526 


2.05030 


26 


64 


2.05030 


2.06553 


2.08094 


2.09654 


2.11233 


2.12832 


2.14451 


25 


65 


2.14451 


2.16090 


2.17749 


2.19430 


2.21132 


2.22857 


2.24604 


24 


66 


2.24604 


2.26374 


2.28167 


2.29984 


2.31826 


2.33693 


2.36585 


23 


67 


2.35585 


2.37504 


2.39449 


2.41421 


2.43422 


2.45451 


2.47509 


22 


68 


2.47509 


2.49597 


2.51715 


2.53865 


2.56046 


2.58261 


2.60509 


21 


69 


2.60509 


2.62791 


2.65109 


2.67462 


2.69853 


2.72281 


2.74748 


20 


70 


2.74748 


2.77254 


2.79802 


2.82391 


2.85023 


2.87700 


2.90421 


19 


71 


2.90421 


2.93189 


2.96004 


2.98868 


3.01783 


3.04749 


3.07768 


18 


72 


3.07768 


3.10842 


3.13972 


3.17159 


3.20406 


3.23714 


3.27085 


17 


73 


3.27085 


3.30521 


3.34023 


3.37594 


3.41236 


3.44951 


3.48741 


16 


74 


3.48741 


3.52609 


3.56557 


3.60588 


3.64706 


3.68909 


3.73205 


15 


75 


3.73205 


3.77595 


3.82083 


3.86671 


3.91364 


3.96165 


4.01078 


14 


76 


4.01078 


4.06107 


4.11256 


4.16530 


4.21933 


4.27471 


4.33148 


13 


77 


4.33148 


4.38969 


4.44942 


4.51071 


4.57363 


4.63825 


4.70463 


12 


78 


4.70463 


4.77286 


4.84300 


4.91516 


4.98940 


5.06584 


6.14455 


11 


79 


5.14455 


5.22566 


5.30928 


5.39552 


5.48451 


5.57638 


6.67128 


10 


80 


5.67128 


5.76937 


5.87080 


5.97576 


6.08444 


6.19703 


6.31375 


9 


81 


6.31375 


6.43484 


6.56055 


6.69116 


6.82694 


6.96823 


7.11537 


8 


82' 


7.11537 


7.26873 


7.42871 


7.59575 


7.77035 


7.95302 


8.14435 


7 


83 


8.14435 


8.34496 


8.55555 


8.77689 


9.00983 


9.25530 


9.51436 


6 


84 


9.51436 


9.78817 


10.0780 


10.3854 


10.7119 


11.0694 


11.4301 


6 


85 


11.4301 


11.8262 


12.2505 


12.7062 


13.1969 


13.7267 


14.3007 


4 


86 


14.3007 


14.9244 


15.6048 


16.3499 


17.1693 


18.0750 


19.0811 


3 


87 


19.0811 


20.2056 


21.4704 


22.9038 


24.5418 


26.4316 


28.6363 


2 


88 


28.6363 


31.2416 


34.3678 


38.1885 


42.9641 


49.1039 


57.2900 


1 


89 
Deg. 
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68.7501 


85.9398 


114.589 


171.885 
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a° 



TABLE IV.— LOGARITHMIC 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
64 
55 
56 
57 
58 
59 
60 



m^ 



6.46373 
76476 
94085 

7.06579 
16270 
24188 
30882 
36682 
41797 
46373 

7.50512 
54291 
57767 
60985 
63982 
66784 
69417 
71900 
74248 
76475 

7.78594 
80615 
82545 
84393 
86166 
87870 
89509 
91088 
92612 
94084 

7.95508 
96887 
98223 
99520 

8.00779 
02002 
03192 
04350 
05478 
06578 

8.07650 
08696 
09718 
10717 
11693 
12647 
13581 
14495 
15391 
16268 

8.17128 
17971 
18798 
19610 
20407 
21189 
21958 
22713 
23456 
24186 



Dl" 



502 
293 
208 
162 
132 
112 
96.7 
85.2 
76.3 
69.0 
63.0 
57.9 
53.6 
49.9 
46.7 
43.9 
41.4 
39.1 
37.1 
35.3 
33.7 
32.2 
30.8 
29.5 
28.4 
27.3 
26.3 
25.4 
24.5 
23.7 
23.0 
22.3 
21.6 
21.0 
20.4 
19.8 
19.3 
18.8 
18.3 
17.9 
17.4 
17.0 
16.6 
16.3 
15.9 
15.6 
15.2 
14.9 
14.6 
14.3 
14.0 i 
13.8' 
13.5; 
13.3 
13.0 
12.8 
12.6 
12.4 
12.2 



TiiiiK. 



00 

.46373 
76476 
94085 

.06579 
16270 
24188 
30K82 
36682 
41797 
46373 

.50512 
54291 
57767 
60986 
63982 
66785 
69418 
71900 
74248 
76476 

.78595 
80615 
82546 
84394 
86167 
87871 
89510 
91089 
92613 
94086 

.95510 
96889 
98225 
99522 

.00781 
02004 
03194 
04353 
05481 
06581 

.07653 
08700 
09722 
10720 
11696 
12651 
13585 
14500 
15395 
16273 

.17133 
17976 
18804 
19616 
20413 
21195 
21964 
22720 
23462 
24192 



Cosine. DP Cotang. Dl" 



Dl" 



502 
293 
208 
162 
132 
112 
96.7 
85.2 
76.3 
69.0 
63.0 
57.9 
53.6 
49.9 
46.7 
43.9 
41.4 
39.1 
37.1 
35.3 
33.7 
32.2 
30.8 
29.5 
28.4 
27.3 
26.3 
25.4 
24.5 
23.7 
23.0 
22.3 
21.6 
21.0 
20.4 
19.8 
19.3 
18.8 
18.3 
17.9 
17.4 
17.0 
16.6 
16.3 
15.9 
15.6 
15.2 
14.9 
14.6 
14.3 
14.1 
13.8 
13.5 
13.3 
13.0 
12.8 
12.6 
12.4 
12.2 



M. 



M. 



8ine. I Dl" I Taiig. 



8.24186 
24903 
25609 
26304 
26988 
27661 
28324 
28977 
29621 
30255 
30879 

8.31495 
32103 
32702 
33292 
33875 
34450 
35018 
35578 
36131 
36678 

8.37217 
37750 
38276 
38796 
39310 
39818 
40320 
40816 
41307 
41792 

8.42272 
42746 
43216 
43680 
44139 
44594 
45044 
4.5489 
45930 
46366 

8.46799 
47226 
47650 
48069 
48485 
48896 
49304 
49708 
50108 
50504 

8.50897 
51287 
61673 
52055 
62434 
52810 
63183 
53552 
63919 
54282 



12.0 

11.8 

11.6 

11.4 

11.2 

11.0 

10.9 

10.7 

10.6 

10.4 

10.3 

10.1 

9.98 

9.85 

9.71 

9.59 

9.46 

9.34 

9.22 

9.10 

8.99 

8.88 

8.77 

8.67 

8.56 

8.46 

8.37 

8.27 

8.18 

8.09 

8.00 

7.91 

7.82 

7.74 

7. 

7.58 

7.50 

7.42 

7.35 

7.27 

7.20 

7.13 

7.06 

6.99 

6.92 

6.86 

6.79 

6.73 

6.67 

6.61 

6.55 

6.49 

6.43 

6.37 

6.32 

6.26 

6.21 

6.16 

6.11 

6.05 



8.24192 
24910 
25616 
26312 
26996 
27669 
28332 
28986 
29629 
30263 
308881 

8.315051 
321121 
32711 
33302 
33886 
34461 
35029 
35590 
36143 
36689 

8.37229 
37762 
38289 
38809 
39323 





1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
53 
54 
55 
56 
57 
58 
59 
60 

M. Cosine. Dl" Cotiing. Dl" 



40334 
40830 
41321 
41807 

8.42287 
42762 
43232 
43696 
44156 
44611 
45061 
45507 
45948 
46385 

8.46817 
47245 
47669 
48089 
48505 
48917 
49325 
49729 
50130 
60527 

8.50920 
61310 
61696 
52079 
62469 
62835 
53208 
53578 
63945 
54308 



Dl" 

12.0 
11.8 
11.6 
11.4 
11.2 
11.0 
10.9 
10.7 
10.6 
10.4 
10.3 
10.1 
9.99 
9.85 
9.72 
9.59 
9.47 
9.35 
9.22 
9.11 
9.00 
8.88 
8.78 
8.67 
8.57 
8.47 
8.37 
8.28 
8.18 
8.09 
8.00 
7.91 
7.83 
7.75 
7.66 
7.58 
7.50 
7.43 
7.35 
7.28 
7.21 
7.13 
7.07 
7.00 
6.93 
6.87 
6.80 
6.74 
6.68 
6.62 
6.55 
6.50 
6.44 
6.38 
6.33 
6.27 
6.22 
6.17 
6.11 
6.06 



28 



M. 

"eo" 

59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




88° 



20 



SINES AND TANGENTS. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
67 
58 
69 
60 



Sine. Dl" Taug. Dl" M 



1.54282 
64642 
54999 
56354 
56705 
66054 
56400 
56743 
57084 
57421 
67767 

1.58089 
58419 
58747 
59072 
59396 
59716 
60033 
6034f9 
60662 
60973 

i.61282 
61589 
61894 
62196 
62497 
62796 
63091 
63386 
63678 
63968 

S.64266 
64643 
64827 
66110 
66391 
65670 
65947 
66223 
66497 
66769 

;.67039 
67308 
67676 
67841 
68104 
68367 
68627 
6888G 
69144 
69400 

1.69664 
69907 
70169 
70409 



6.00 
5.95 
5.91 
6.86 
6.81 
6.77 
5.72 
5.67 
6.63 
6.69 
6.64 
6.60 
6.46 
6.42 
6.38 
6.34 
5.30 
6.26 
5.22 
6.19 
6.16 
5.11 
6.08 
5.04 
6.01 
4.97 
4.94 
4.90 
4.87 
4.84 
4.81 
4.78 
4.74 
4.71 
4.68 
4.65 
4.62 
4.69 
4.56 
4.53 
4.51 
4.48 
4.45 
4.42 
4.40 
4.37 
4.34 
4.32 
4.29 
4.27 
4.24 
4.22 
4.19 
4.17 
4.14 



706681. ,„ 
70905|^;}2 

4.07 
4.05 
4.03 



711511 
71395 
71638 

71880 



M. Cosine. I Dl" Cotang. Dl" 



8.64308 r, 
54669!^ 
65027 i I 
65382 t 
65734 ^ 
56083 
56429 
66773 
57114 
67462 
67788 

8.58121 
68451 
68779 
69106 
69428 
69749!^ 
60068 1 ^ 
60.384 : 
60698 
61009 

8.61319 
61626 
61931 
62234 
62635 
62834 
63131 
63426 
63718 
64009 

8.64298 
64585 
64870 
65164 
66435 
66715 
65993 
66269 
66643 
66816 

8.67087 1 



6, 
5, 
5, 
5, 
5 
5, 
4, 
4, 
4, 
4, 
4 
4, 
4, 
4 
4 
4 
4 
4 
4, 
4 
4 
4 

67356 i^ 
67624!^ 
67890 2 
68154 ^ 
68417 
68678 
68938 
69196 
69453 
8.69708 
69962 
70214 
70465 
70714 
70962 
71208 
71453 
71697 
71940 



M. 




1 
• 2 
3 
4 
5 
6 
7 
8 
9 
10 
11- 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
62 
53 
64 
56 
66 
57 
68 
59 
60 



Sine. 



8.71880 



Dl" 



4.01 



72120 
72369 i'l^ 
72697 ^-^^ 
72834 
73069 
73303 
73535 
73767 
73997 
74226 
.74464 
74680 
74906 
75130 
76353 
75576 
76795 
76015 
76234 
76461 
.76667 
76883 
77097 
77310 



3.94 
3.92 
3.90 
3.88 
3.86 
3.84 
3.82 
3.80 
3.78 
3.76 
3.74 
3.72 
3.70 
3.68 
3.66 
3.64 
3.62 
3.61 
3.59 
3.67 
3.55 



77733 
77943 
78152 
78360 
78568 
;.78774 
78979 
79183 
79386 
79688 
79789 
79990 
80189 



3.50 
3.48 
3.47 
3.46 
3.43 
3.42 
3.40 
3.39 
3.37 
3.35 
3.34 
3.32 
3.31 



80388 I'l'^ 



M. 



80586 
1.80782 
80978 
81173 
81367 
81660 
81752 
81944 
82134 
82324 
82613 
1.82701 
82888 
83075 
83261 
8.3446 
83630 
83813 
83996 
84177 
84358 



3.28 
3.26 
3.25 
3.23 
3.22 
3.20 
3.19 
3.18 
3.16 
3.15 
3.13 
3.12 
3.11 
3.10 
3.08 
3.07 
3.06 
3.04 
3.03 
3.02 



Tang. 



8.71940 
72181 
72420 
72659 
72896 
73132 
73366 
73600 
73832 
74063 
74292 

8.74621 
74748 
74974 
76199 
76423 
75646 
75867 
76087 
76306 
76525 

8.76742 
76958 
77173 
77387 
77600 
77811 
78022 
78232 
78441 
78649 

8.78865 
79061 
79266 
79470 
79673 
79875 
80076 
80277 
80476 
80674 

8.80872 
81068 
81264 
81459 
81653 
81846 
82038 
82230 
82420 
82610 

8.82799 
82987 
83176 
83361 
83547 
83732 
83916 
84100 
84282 
84464 



CoHine. Dl" Cotang. Dl" 



Dl" 



4.02 
3.99 
3.97 
3.95 
3.93 
3.91 
3.89 
3.87 
3.86 
3.83 
3.81 
3.79 
3.77 
3.76 
3.73 
3.71 
3.69 
3.67 
3.65 
3.64 
3.62 
3.60 
3.68 
3.67 
3.65 
3.63 
3.51 
3.50 
3.48 
3.46 
3.45 
3.43 
3.42 
3.40 
3.38 
3.37 
3.35 
3.34 
3.32 
3.31 
3.29 
3.28 
3.26 
3.25 
3.23 
3.22 
3.20 
3.19 
3.18 
3.16 
3.15 
3.14 
3.12 
3.11 
3.10 
3.08 
3.07 
3.06 
3.04 
3.03 




59 
58 
67 
56 
56 
64 
63 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 



31 

30 

29 

28 

27 

26 

26 

24 

23 

22 

21 

20 

19 

18 

17 

16 

16 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 





S7° 



S. N. 37. 



29 



HH"" 



TABLE IV.— LOGARITHMIC 



M. Sine. Dl" Tang. DI" 




1 
2 
3 
4 
5 
A 
7 
8 
9 
10 
U 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



8.84358 
84539 
84718 
84897 
85075 
85252 
85429 
85605 
85780 
85955 
86128 

8.86301 
86474 
86645 
86816 
86987 
87156 
87325 
87494 
87661 
87829 

8.87995 
88161 
88326 
88490 
88654 
88817 
88980 
89142 
89304 
89464 

8.89625 
89784 
89943 
90102 
90260 
90417 
90574 
90730 
'90885 
91040 

8.91195 
91349 
91502 
91655 
91807 
91959 
92110 
92261 
92411 
92561 

8.92710 
92859 
93007 
93154 
93301 
93448 
93594 
93740 
93885 
94030 

Cosine. 



3.01 
2.99 
2.98 
2.97 
2.95 
2.94 
2.93 
2.92 
2.91 
2.90 
2.88 
2.87 
2.86 
2.85 
2.84 
2.83 
2.82 
2.81 
2.79 
2.78 
2.77 
2.76 
2.75 
2.74 
2.73 
2.72 
2.71 
2.70 
2.69 
2.68 
2.67 
2.66 
2.65 
2.64 
2.63 
2.62 
2.61 
2.60 
2.59 
2.58 
2.58 
2.57 
2.56 
2.55 
2.54 
2.53 
2.52 
2.51 
2.50 
2.49 
2.49 
2.48 
2.47 
2.46 
2.45 
2.44 
2.43 
2.43 
2.42 
2.41 



8.84464 1 
84646' 



84826 
85006 
85185 
85363 
85540 
85717 
85893 
86069 
86243 

8.86417 
86591 
86763 
86935 
87106 
87277 
87447 
87616 
87785 
87953 

8.88120 
88287 
88453 
88618 
88783 
88948 
89111 
89274 
89437 
89598 

8.89760 
89920 
90080 
90240 
90399 
90557 
90715 
90872 
91029 „ 
91185!^ 

8.91340 
91495 
91650 
91803 
91957 
92110 
92262 
92414 
92565 
92716 

8.92866 
93016 
93165 
93313 
93462 
93609 
93756 
93903 
94049 
94195 



Dl" CotanK. I Dl" 



Sine. I Dl" 



27 


33 


26 


34 


25 


35 


24 


36 


23 


37 


22 


38 


21 


39 


20 


40 


19 


41 


18 


42 


17 


43 


16 


44 


15 


45 


14 


46 


13 


47 


12 


48 


11 


49 


10 


50 


9 


51 


8 


62 


7 


53 


6 


54 


5 


55 


4 


56 


3 


57 


2 


58 


1 


59 





60 



8.94030 
94174 
94317 
94461 
94603 
94746 
94887 
95029 
95170 
95310 
95450 

8.95589 
95728 
95867 
96005 
96143 
96280 
96417 
96553 
96689 
96825 

8.96960 
97095 
97229 
97363 
97496 
97629 
97762 
97894 
98026 
98157 

8.98288 
98419 
98549 
98679 
98808 
98937 
99066 
99194 
99322 
99450 

8.99577 
99704 



99956 
9.00082 
00207 
00332 
00456 
00581 
00704 
9.00828 
00951 
01074 
01196 
01318 
01440 
01561 
01682 
01803 
01923 



2.40 
2.39 
2.39 
2.38 
2.37 
2.36 
2.36 
2.35 
2.34 
2.33 
2.33 
2.32 
2.31 
2.30 
2.30 
2.29 
2.28 
2.27 
2.27 
2.26 
2.25 
2.25 
2.24 
2.23 
2.22 
2.22 
2.21 
2.21 
2.20 
2.19 
2.18 
2.18 
2.17 
2.16 
2.16 
2.15 
2.14 
2.14 
2.13 
2.13 
2.12 
2.11 
2.11 
2.10 
2.09 
2.09 
2.08 
2.08 
2.07 
2.06 
2.06 
2.05 
2.06 
2.04 
2.03 
2.03 
2.02 
2.02 
2.01 
2.01 



Tang. Dl' 



8.94195 
94340 
94485 
94630 
94773 
94917 
95060 
95202 
95344 
95486 
95627 

8.95767 
95908 
96047 
96187 
96325 
96464 
96602 
96739 
96877 
97013 

8.97150 
97285 
97421 
97556 
97691 
97825 
97959 
98092 
98225 
98358 

8.98490 
98622 
98753 



99015 
99145 
99275 
99405 
99534 
99662 

8.99791 
99919 

9.00046 
00174 
00301 
00427 
00553 
00679 
00805 
00930 

9.01055 
01179 
01303 
01427 
01550 
01673 
01796 
01918 
02040 
02162 



2.42 
2.41 
2.41 
2.40 
2.39 
2.38 
2.37 
2.37 
2.36 
2.35 
2.34 
2.34 
2.33 
2.32 
2.31 
2.31 
2.30 
2.29 
2.29 
2.28 
2.27 
2.26 
2.26 
2.25 
2.24 
2.24 
2.23 
2.22 
2.22 
2.21 
2. 
2.20 
2.19 
2.18 
2.18 
2.17 
2.16 
2.16 
2.15 
2.15 
2.14 
2.13 
2.13 
2.12 
2.12 
2.11 
2.10 
2.10 
2.09 
2.08 
.08 
.07 
2.07 
2.06 
2.06 
2.05 
2.05 
2.04 
2.03 
2.03 



Cosine. Dl" Ootang.j Dl" 



SS*" 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




M** 



SINES AND TANGENTS. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

~m7 



Sine. Dl" Tang. I Dl" M. 



9.01923 
02043 
02163 
02283 
02402 
02520 
02639 
02757 
02874 
02992 
03109 

9.03226 
03342 
03458 
03574 
03690 
03805 
03920 
04034 
04149 
04262 

9.04376 
04490 
04603 
04715 
04828 
04940 
05052 
05164 
05275 
05386 

9.05497 
05607 
05717 
05827 
05937 
06046 
06155 
06264 
06372 
06481 

9.06589 
06696 
06804 
06911 
07018 
07124 
07231 
07337 
07442 
07548 

9.07653 
07758 
07863 
07968 
08072 
08176 
08280 
08383 
08486 
08589 



2.00 
2.00 
1.99 
1.98 
1.98 
1.97 
1.97 
1.96 
1.96 
1.95 
1.95 
1.94 
1.94 
1.93 
1.93 
1.92 
1.92 
1.91 
1.91 
1.90 
1.89 
1.89 
1.88 
1.88 
1.87 
1.87 
1.87 
1.86 
1.86 
1.85 
1.85 
1.84 
1.84 
1.83 
1.83 
1.82 
1.82 
1.81 
1.81 
1.80 
1.80 
1.79 
1.79 
1.79 
1.78 
1.78 
1.77 
1.77 
1.76 
1.76 
1.75 
1.75 
1.75 
1.74 
1.74 
1.73 
1.73 
1.72 
1.72 
1.72 



9.02162 1 
02283 
02404 
02525 
02645 
02766 
02885 
03005 
03124 
03242 
03361 

9.03479 
03597 
03714 
03832 
03948 
04065 
04181 
04297 
04413 
04528 

9.04643 
04758 
04873 
04987 
05101 
05214 
05328 
05441 
05553 
05666 

9.05778 
05890 
06002 
06113 
06224 
06335 
06445 
06556 
06666 
06775 

9.06885 
06994 
07103 
07211 
07320 
07428 
07536 
07643 
07751 
07858 

9.07964 
08071 
08177 
08283 
08389 
08495 
08600 
08705 
08810 
08914 



2.02 

2.02 

2.01 

2.01 

2.00 

1.99 

1.99 

1.98 

1.98 

1.97 

1.97 

1.96 

1.96 

1.95 

1.95 

1.94 

1.94 

1.93 

1.93 

1.92 

1.92 

1.91 

1.91 

1.90 

1.90 

1.89 

1.89 

1.1 

1.1 

1.87 

1.87 

1.87 

1.86 

1.85 

1.85 

1.85 

1.84 

1.84 

1.83 

1.83 

1.82 

1.82 

1.82 

1.81 

1.81 

1.80 

1.80 

1.79 

1.79 

1.78 

1.78 

1.77 

1.77 

1.77 

1.76 

1.76 

1.75 

1.75 

1.75 

1.74 



Cosine. Dl" Cotang. Dl" 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




M. Sine. Dl" Tang. Dl" 



M. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



9.08589 
08692 
08795 
08897 
08999 
09101 
09202 
09304 
09405 
09506 
09606 

9.09707 
09807 
09907 
10006 
10106 
10205 
10304 
10402 
10501 
10599 

9.10697 
10795 
10893 
10990 
11087 
11184 
11281 
11377 
11474 
11570 

9.11666 
11761 
11857 
11952 
12047 
12142 
12236 
12331 
12425 
12519 

9.12612 
12706 
12799 
12892 
12985 
13078 
13171 
13263 
13355 
13447 

9.13539 
13630 
13722 
13813 
13904 
13994 
14085 
14175 
14266 
14356 



1.71 

1.71 

1.70 

1.70 

1.70 

1.69 

1.69 

1.68 

1.68 

1.68 

1.67 

1.67 

1.67 

1.66 

1.66 

1.65 

1.65 

1.64 

1.64 

1.64 

1.63 

1.63 

1.63 

1.62 

1.62 

1.62 

1.61 

1.61 

1.61 

1.60 

1.60 

1.59 

1.59 

1.59 

1.58 

1.58 

1.58 

1.57 

1.57 

1.57 

1.56 

1.56 

1.56 

1.55 

1.65 

1.55 

1.54 

1.54 

1.53 

1.53 

1.53 

1.52 

1.52 

1.52 

1.52 

1.51 

1.51 

1.51 

1.50 

1.50 



1.08914 
09019 
09123 
09227 
09330 
09434 
09537 
09640 
09742 
09845 
09947 

9.10049 
10150 
10252 
10353 
10454 
10555 
10656 
10756 
10856 
10956 

9.11056 
11155 
11254 
11353 
11452 
11551 
11649 
11747 
11845 
11943 

9.12040 
12138 
12235 
12332 
12428 
12525 
12621 
12717 
12813 
12909 

9.13004 
13099 
13194 
13289 
13384 
13478 
13573 
13667 
13761 
13854 

9.13948 
14041 
14134 
14227 
14320 
14412 
14504 
14597 
14688 
14780 



M. Cosine. Dl" Cotang. Dl" 



1.74 
1.73 
1.73 
1.73 
1.72 
1.72 
1.72 
1.71 
1.71 
1.70 
1.70 
1.69 
1.69 
1.69 
1.68 
1.68 
1.68 
1.67 
1.67 
1.67 
1.66 
1.66 
1.65 
1.65 
1.65 
1.64 
1.64 
1.64 
1.63 
1.63 
1.62 
1.62 
1.62 
1.62 
1.61 
1.61 
1.60 
1.60 
1.60 
1.59 
1.59 
1.59 
1.58 
1.58 
1.58 
1.57 
1.57 
1.57 
1.56 
1.56 
1.56 
1.55 
1.55 
1.55 
1.55 
1.54 
1.54 
1.54 
1.53 
1.53 



83^ 



?1 



60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



M. 



TABLE IV.— LOGARITHMIC 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 



34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
63 
54 
65 
56 
57 
58 
59 
60 



Sine. 

).14356 
14445 
14536 
14624 
14714 
14803 
14891 
14980 
15069 
16157 
15245 

1.15333 
15421 
15508 
15596 
15683 
15770 
15857 
15944 
16030 
16116 

M6203 
16289 
16374 
16460 
16645 
16631 
16716 
16801 
16886 
16970 

►.17056 
17139 
17223 
17307 
17391 
17474 
17558 
17641 
17724 
17807 

M7890 
17973 
18056 
18137 
18220 
18302 
18383 
18465 
18547 
18628 

).18709 
18790 
18871 
18952 
19033 
19113 
19193 
19273 
19353 
19433 



Tang. 



1.14780 
14872 
14963 
16054 
16146 
16236 
15327 
16417 
15508 
15698 
16688 

.15777 
15867 
16966 
16046 
16136 
16224 
16312 
16401 
16489 
16577 

.16666 
16763 
16841 
16928 
17016 
17103 
17190 
17277 
17363 
17450 

.17536 
17622 
17708 
17794 
17880 
17966 
18051 
18136 
18221 
18306 

.18391 
18476 
18560 
18644 
18728 
18812 
18896 
18979 
19063 
19146 

M9229 
19312 
19396 
19478 
19561 
19643 
19725 
19807 
19889 
19971 



Dl" 



1.63 
1.62 
1.62 
1.52 
1.51 
1.51 
1.51 
1.60 
1.50 
1.50 
1.60 
1.49 
1.49 
1.49 
1.48 
1.48 
1.48 
1.48 
1.47 
1.47 
1.47 
1.46 
1.46 
1.46 
1.46 
1.45 
1.46 
1.46 
1.44 
1.44 
1.44 
1.44 
1.43 
1.43 
1.43 
1.42 
1.42 
1.42 
1.42 
1.42 
1.41 
1.41 
1.41 
1.40 
1.40 
1.40 
1.40 
1.39 
1.39 
1.39 
1.39 
1.38 
1.38 
1.38 
1.38 
1.37 
1.37 
1.37 
1.37 
1.36 



M. 



60 
59 
68 
57 
56 
65 
54 
63 
62 
61 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




M. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
51 
62 
53 
64 
56 
56 
67 
58 
69 
60 



M. Cosine. Dl" Cotang. Dl" M. M. 

32" 



Sine. I Dl" Tang. Dl" M 



9.19433 
19613 
19692 
19672 
19761 
19830 
19909 
19988 
20067 
20146 
20223 

9.20302 
20380 1 
20468 
20535 
20613 
20691 
20768 
20845 
20922 
20999 

9.21076 
21153 
21229 
21306 
21382 
21458 
21634 
21610 
21685 
21761 

9.21836 
21912 
21987 
22062 
22137 
22211 
22286 
22361 
22436 
22509 

9.22683 
22657 
22731 
22805 
22878 
22952 
23025 
23098 
23171 
23244 

9.23317 
23390 
23462 
23535 
23607 
23679 
23752 
23823 
23895 
23967 



1.33 
1.33 
1.32 
1.32 
1.32 
1.32 
1.31 
1.31 
1.31 
1.31 
1.30 
1.30 
1.30 
1.30 
1.29 
1.29 
1.29 
1.29 
1.28 
1.28 
1.28 
1.28 
1.27 
1.27 
1.27 
1.27 
1.27 
1.26 
1.26 
1.26 
1.26 
1.25 
1.25 
1.26 
1.26 
1.25 
1.24 
1.24 
1.24 
1.24 
1.24 
1.23 
1.23 
1.23 
1.23 
1.22 
1.22 
1.22 
1.22 
1.22 
1.21 
1.21 
1.21 
1.21 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 



9.19971 
20063 
201,34 
20216 
20297 
20378 
20459 
20640 
20621 
20701 
20782 

9.20862 
20942 
21022 
21102 
21182 
21261 
21341 
21420 
21499 
21578 

9.21657 
21736 
21814 
21893 
21971 
22049 
22127 
22205 
22283 
22361 

9.22438 
22516 
22693 
22670 
22747 
22824 
22901 
22977 
23054 
23130 

9.23206 
23283 
23359 
23435 
23610 
23686 
23661 
23737 
23812 
23887 

9.23962 
24037 
24112 
24186 
24261 
24335 
24410 
24484 
24558 
24632 



Cosine. Dt" Cotang. Dl" 



60 
59 
68 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
. 3 
2 
1 




SQo 



10« 



SINES AND TANGENTS. 



U'^ 





1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. Dl" Tang. Dl' 



9.23967 
24039 
24110 
24181 
24253 
24324 
24395 
24466 
24536 
24607 
24677 

9.24748 
24818 
24888 
24958 
25028 
25098 
25168 
25237 
25307 
25376 

9.25445 
25514 
25583 
25652 
25721 
25790 
25858 
25927 
25995 
26063 

9.26131 
26199 
26267 
26335 
26403 
26470 
26538 
26605 
26672 
26739 

9.26806 
26873 
26940 
27007 
27073 
27140 
27206 
27273 
27339 
27405 

9.27471 
27537 
27602 
27668 
27734 
27799 
27864 
27930 
27995 
28060 



M. Cosine 



.24632 
24706 
24779 
24853 
24926 
25000 
25073 
25146 
26219 
25292 
25365 
.25437 
25510 
25582 
25655 
25727 
25799 
25871 
25943 
26015 
26086 
.26158 
26229 
26301 
26372 
26443 
26514 
26585 
26655 
26726 
26797 
.26867 
26937 
27008 
27078 
27148 
27218 
27288 
27357 
27427 
27496 
.27566 
27635 
27704 
27773 
27842 
27911 
27980 
28049 
28117 
28186 
.28254 
28323 
28391 
28459 
28527 
28595 
28662 
28730 
28798 
28865 



CotauK. Dl 



23 
23 
23 
22 
22 
22 
22 
22 
22 
21 
21 
21 
21 
20 
20 
20 
20 
20 
20 
19 
19 
19 
19 
19 
18 
18 
18 
18 
18 
18 
17 
17 
17 
17 

ia7 



M. 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




M. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.28060 
28125 
28190 
28254 
28319 
28384 
28448 
28512 
28577 
28641 
28705 

9.28769 
28833 
28896 
28960 
29024 
29087 
29150 
29214 
29277 
29340 

9.29403 
29466 
29529 
29591 
29654 
29716 
29779 
29841 
29903 
29966 

9.30028 
30090 
30151 
30213 
30275 
30336 
30398 
30459 
30521 ' 
30582 

9.306431 
30704 
30765 
30826 
30887 
30947 
^1008 
31068 
31129 
31189 

9.31250 
31310 
31370 
31430 
31490 
31549 
.31609 
31669 
317281 
31788, 



Tang. ' Dl" 



M. I ('osiiie. I Dl" Cotang. Dl' 



9.28865 
28933 
29000 
29067 
29134 
29201 
29268 
29335 
29402 
29468 
29535 

9.29601 
29668 
297.34 
29800 
29866 
29932 
29998 
30064 
30130 
30195 

9.30261 
30326 
30391 
30457 
30522 
.30587 
,30652 
.30717 
30782 
30846 

9.30911 
30975 
31040 
31104 
31168 
31233 
31297 
a[1361 
31425 
31489 

9.31552 
31616 
31679 
31743 
31806 
31870 
31933 
31996 
32059 
32122 

9.32185 
32248 
32311 
32373 
32436 
32498 
32561 
32623 
32685 
32747 



79« 



33 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



M. 

"78° 



M« 



TABLE IV.— LOOARITHMIC 



19? 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 



40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
62 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.31788 
31847 
31907 
31966 
32025 
32084 
32143 
32202 
32261 
32319 
32378 

9.32437 
32495 
32553 
32612 
32670 
32728 
32786 
32844 
32902 
32960 

9.33018 
33075 
33133 
33190 
33248 
33305 
33362 
33420 
33477 
33534 

9.33591 
33647 
33704 
33761 
33818 
33874 
33931 
33987 
34043 
34100 

9.34156 
34212 
34268 
34324 
34380 
34436 
34491 
34547 
34602 
34658 

9.34713 
34769 
34824 
34879 
34934 
34989 
36044 
35099 
35154' 
35209 



Dl" 



1.99 
.99 
.99 
.99 
.98 
.98 
.98 
.98 
.98 
.98 
.98 
.97 
.97 
.97 
.97 
.97 
.97 
.97 
.97 
.96 
.96 
.96 
.96 
.96 
.96 
.96 
.95 
.95 
.95 
,95 
.95 
.95 
.95 
.95 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.91 
.91 



M. Cosine. Dl" Cotang. Dl" 



Tang. 



9..32747 
32810 
32872 
32933 
32995 
33057 
33119 
33180 
33242 
33303 
33365 

9.33426 
33487 
33548 
33609 
3,3670 
33731 
33792 
33853 
33913 
33974 

9.34034 
34095 
34155 
34215 
34276 
34336 
34396 
34456 
34516 
34576 

9.34635 
34695 
34755 
34814 
34874 
34933 
34992 
35051 
35111 
35170 

9.35229 
35288 
35347 
35405 
35464 
35523 
35581 
35640 
35698 
35757 

9.35815 
35873 
35931 
35989 
36047 
36105 
36163 
36221 
36279 
36.336 



Dl" 

1.03 

1.03 

1.03 

1.03 

1.03 

1.03 

1.03 

1.03 

1.02 

1.02 

1.02 

1.02 

1.02 

1.02 

1.02 

1.01 

1.01 

1.01 

1.01 

1.01 

1.01 

1.01 

1.01 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

.98 

.98 

.98 

.98 

.98 

.98 

.98 

.98 

.98 

.97 

.97 

.97 

.97 

.97 

.97 

.97 

.97 

.96 

.96 

.96 

.96 



32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

• 7 

6 

5 

4 

3 

2 

1 







1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32" 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
67 
58 
59 
60 



M. Sine. Dl" Tang. Dl" M. 

60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 



9.35209 
35263 
35318 
35373 
35427 
35481 
35536 
35590 
35644 
35698 
36752 

9.35806 
35860 
35914 
35968 
36022 
36075 
.36129 
36182 
36236 
36289 

9..36342 
36395 
36449 
36502 
36555 
36608 
36660 
36713 
36766 
36819 

9.36871 
36924 
36976 
37028 
37081 
37133 
37185 
37237 
37289 
37341 

9.37393 
37445 
37497 
37549 
37600 
37652 
37703 
37755 
37806 
37868 

9.37909 
37960 
38011 
.38062 
38113 
38164 
38215 
38266 
38317 



0.91 
.91 
.91 
.91 
.91 
.91 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.89 
.89 
.89 
.89 
.89 
.89 
.89 
.89 
.89 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.87 
•87 
•87 
.87 
•87 
.87 
•87 
•87 
.87 
.86 
.86 
.86 
.86 
.86 
.86 
.86 
.86 
.86 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 



9.36336 
36394 
36452 
36509 
36566 
36624 
36681 
36738 
36795 
36852 
36909 

9.36966 
37023 
37080 
37137 
37193 
37250 
37306 
37363 
37419 
37476 

9.37532 
37588 
37644 
37700 
37756 
37812 
37868 
37924 
37980 
38035 

9.38091 
38147 
38202 
38257 
38313 
38368 
38423 
38479 
38534 
38589 

9.38644 
38699 
38754 
38808 



38918 
38972 
39027 
39082 
39136 
9.39190 
39245 
39299 
39353 
39407 
39461 
39515 
39569 
39623 
39677 



Cosine. Dl" Cotang. Dl" 



1.96 
.96 
.96 
.96 
.96 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.93 
.93 
.93 
.93 
.9? 
.93 
.93 
.93 
.93 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.91 
.91 
.91 
.91 
.91 
.91 
.91 
.91 
.91 
.91 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 



yyo 



34 



31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 





7«** 



14« 



SINES AND TANGENTS. 



ltt« 



Sine. 



9.38368 
.38418 
38469 
38519 
38570 
38620 
38670 
3ft721 
38771 
38821 
38871 

9.38921 
38971 
39021 
39071 

, 39121 
39170 
39220 
39270 
39319 
39369 

9.39418 
39467 
39517 
39566 
39615 
39664 
39713 
39762 
39811 
39860 

9.39909 
39958 
40006 
40055 
40103 
40152 
40200 
40249 
40297 
40346 

9.40394 
40442 
40490 
40538 
40586 
40634 
40682 
40730 
40778 
40825 

9.40873 
40921 
40968 
41016 
41063 
41111 
41158 
41205 
41252 
41300 





1 

2 

3 

4 

6 

ft 

7' 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

M. Onsiiie, 



Dr 



Tang. Dl" ! M. 

9.39677 

39731 

39785 

39838 

39892 

39945 

39999 

40052 

40106 

40159 

40212 
9.40266 

40319 

40372 

40425 

40478 

40531 

40584 

40636 

40689 

40742 
9.40795 

40847 

40900 

40952 

41005 

41057 

41109 

41161 

41214 

41266 
9.41318 

41370 

41422 

41474 

41526 

41578 

41629 

41681 

41733 

41784 
9.41836 

41887 

41939 1 

41990 

42041 

42093 

42144 

42195 

42246 

42297 
9.42348 

42399 

42450 

42501 

42552 

42603 

42653 

42704 

42755 

42805 



Dl" Cotang. 1)1" 



Sine. Dl" Tang. Dl" 



9.41.300 

41347 

41394 

41441 

41488 

41535 

41582 

41628 

41675 

41722 

41768 
9.41815 

41861 

41908 

41964 

42001 

42047 

42093 

42140 

42186 

42232 
9.42278 

42324 

42370 

42416 

42461 

42507 

42553 

42599 

42644 

42690 
9.42735 

42781 

42826 

42872 

42917 

42962 

43008 

43053 

43098 

43143 
9.43188 

43233 

43278 

43323 

43367 

43412 

43457 

43502 

43546 

43591 
9.43635 

43680 

43724 

43769 

43813 

4.3857 

43901 

43946 

43990 

44034 

Cosine. Dl" Cotang. Dl" 



0.79 

78 
78 
78 
78 
78 
78 
78 
78 
78 
78 
78 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
77 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
74 
73 



9.42805 
42856 
42906 
42957 
43007 
43057 
43108 
43158 
43208 
43258 
43308 

9.43358 
43408 
43458 
43508 
43558 
43607 
43657 
43707 
43756 
43806 

9.43855 
43905 
43954 
44004 
44053 
44102 

^ 44151 
44201 
44250 
44299 

9.44348 
44397 
44446 
44495 
44544 
44592 
44641 
44690 
44738 
44787 

9.44836 
44884 
44933 
44981 
45029 
45078 
45126 
45174 
45222 
45271 

9.45319 
45367 
45415 
45463 
45511 
45559 
45606 
45654 
45702 
45750 



0.84 
.84 
.84 
.84 
.84 
.84 
.84 
.84 
.83 
.83 
.83 
.83 
.83 
.83 
.83 
.83 
.83 
.83 
.83 
.83 
.83 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.82 
.81 
.81 
.81 
.81 
.81 
.81 
.81 
.81 
.81 
.81 
.81 
.81 
.81 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 



75° 



35 



60 
59 
68 
57 
56 
55 
54 
53 
62 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
26 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




740 



I6<» 



TABLK IV.— LOGARITHMIC 



17« 





1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. Dl" Tang. Dl" M. M 



9.44034 
44078 
44122 
44166 
44210 
44253 
44297 
44341 
44385 
44428 
44472 

9.44516 
44559 
44602 
44646 
44689 
44733 
44776 
44819 
44862 
44905 

9.44948 
44992 
45035 
45077 
45120 
45163 
45206 
45249 
45292 
45334 

9.45377 
45419 
45462 
45504 
45547 
45589 
45632 
45674 
45716 
45758 

9.45801 
45843 
45885 
45927 
45969 
46011 
46053 
46095 
461.36 
46178 

9.46220 
46262 
46303 
46345 
46386 
46428 
46469 
46511 
46552 
46594 



0.78 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72^ 
.72 
.72 
.72 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.69 
.61) 
M 
.69 
.69 
.69 
.69 
.69 
.69 



9.45750 
45797 
45845 
45892 
45940 
45987 
46035 
46082 
46130 
46177 
46i224 

9.46271 
46319 
46366 
46413 
46460 
46507 
46554 
46601 
46648 
46694 

9.46741 
46788 
46835 
46881 
46928 
46975 
47021 
47068 
47114 
47160 

9.47207 
47253 
47299 
47346 
47392 
47438 
47484 
47530 
47576 
47622 

9.47668 
47714 
47760 
47806 
47852 
47897 
47943 
47989 
48035 
48080 

9.48126 
48171 
48217 
48262 
48307 
48353 
48398 
48443 
48489 
48534 



M. Cosine. Dl" I CotauK. Dl' 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 





1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. Dl" Tang. Dl" M 



9.46594 
46635 
46676 
46717 
46758 
46800 
46841 
46882 
46923 
46964 
47005 

9.47045 
47086 
47127 
47168 
47209 
47249 
47290 
47330 
47371 
47411 

9.47452 
47492 
47533 
47573 
47613 
47654 
47694 
47734 
47774 
47814 

9.47854 
47894 
47934 
47974 
48014 
48054 
48094 
48133 
48173 
48213 

9.48252 
48292 
48332 
48371 
48411 
48450 
48490 
48529 
48568 
48607 

9.48647 
48686 
48725 
48764 
48803 
48842 
48881 
48920 
48959 
48998 



0.69 
.69 
.69 
.69 
.69 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 



9.48534 
48579 
48624 
48669 
48714 
48759 
48804 
48849 
48894 
48939 
48984 

9.49029 
49073 



49118 
49163 
49207 
49252 
49296 
4^341 
49385 
49430 
9.49474 
49519 
-11 49563 
•";' 49607 
'll 49652 
•J;' 49696 
'11 49740 
"^ 49784 
49828 
49872 
9.49916 
•;; 49960 
'11 50004 
'^.l 50048 
•*'Ji 50092 

•«^l 50223 
•^l 60267 
'Z 50311 
'^'l 9.50355 
'^l 50398 

•ftft 50485 
'll 50529 
'II 50572 

'II 50659 
•Jjl 50703 
•^?l 50746 
'II 9.50789 



50833 
50876 
50919 
50962 
51005 
51048 
•"■' 51092 
'^A 51135 
•6^ 51178 



Cosine. , D^' Cotang. Dl" M. 



0.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.74 
.74 
.74 
.74 
.74 
.74 
.74 
.74 
.74 
.74 
.74 
.74 
.74 
.74 
.74 
.74 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.73 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.72 



60 
59 
68 
67 
56 
65 
64 
53 
52 
61 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




78° 



36 



7^ 



1»° 



Sines and tangents. 



tt» 





1 

2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.48998 
49037 
49076 
49115 
49153 
49192 
49231 
49269 
49308 
49347 
49385 

9.49424 
49462 
49500 
49539 
49577 
49615 
49654 
49692 
49730 
49768 

9.49806 
49844 
49882 
49920 
49958 
49996 
50034 
50072 
50110 
50148 

9.50185 
50223 
50261 
50298 
50336 
50374 
50411 
50449 
50486 
50523 

9.50561 
50598 
50635 
50673 
50710 
50747 
50784 
50821 
50858 
50896 

9.50933 
50970 
51007 
51043 
51080 
51117 
51154 
51191 
51227 
51264 



Dl" Tang. 



0.65 
.65 
.65 
.65 
.65 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 



M. Cosine. Dl" ('otarig. Dl" 



9.51178 
51221 
51264 
51306 
51349 
51392 
51435 
51478 
51520 
51563 
51606 

9.51648 
61691 
51734 
51776 
51819 
51861 
51903 
51946 
51988 
52031 

9.52073 
52115 
52157 
52200 
52242 
52284 
52326 
52368 
52410 
52452 

9.52494 
52536 
52578 
52620 
52661 
52703 
52745 
52787 
52829 
52870 

9.52912 
52953 
52995 
53037 
53078 
53120 
53161 
53202 
53244 
53285 

9.53327 
53368 
53409 
53450 
53492 
53533 
53574 
53615 
53656 
53697 



Dl" 

0.72 
.72 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.68 
.68 



M. 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


M. 



4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



Tang. 



9.51264 
51301 
51338 
51374 
51411 
51447 
51484 
51520 
51557 
51593 
51629 

9.51666 
61702 
61738 
51774 
51811 
51847 
51883 
51919 
51955 
51991 

9.52027 
52063 
52099 
52135 
52171 
52207 
62242 
52278 
52314 
52350 

9.52385 
52421 
52456 
52492 
52527 
62563 
52598 
52634 
52669 
52705 

9.52740 
52775 
52811 
52846 
52881 
52916 
52951 
52986 
53021 
53056 

9.53092 
53126 
53161 
53196 
53231 
53266 
53301 
53336 
53370 
53405 



.6: 

.6 

.6: 

.6 

.6 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.60 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.59 

.58 

.58 

.58 

.58 

.58 

.58 

.58 

.58 

.58 

.58 

.58 

.58 

.58 



9.53697 
53738 
53779 
53820 
53861 
53902 
53943 
53984 
54025 
54066 
54106 

9.54147 
54187 
54228 
54269 
54309 
54350 
54390 
64431 
54471 
54612 

9.54552 
54593 
54633 
54673 
54714 
54754 
54794 
54835 
54875 
54915 

9.54955 
54995 
66035 
55076 
66115 
55155 
55195 
55235 
55275 
55315 

9.55355 
55395 
55434 
55474 
55514 
55564 
55593 
55633 
55673 
55712 

9.55752 
55791 
55831 
55870 
55910 
55949 
55989 
56028 
56067 
56107 



Cosine. Dl" Cotang. Dl" 



Dl" 



0.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.6 
.6 
.6' 
.6 
.6 



71° 



37 



60 
59 
58 
57 
56 
55 
64 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



~m7 
"70^ 



M^' 



TABLIS IV.— LOQARITfiMiC 



^V 





1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. I Dl" 



.53405 
53440 
53475 
53509 
53544 
53578 
53613 
53647 
53682 
53716 
53751 

.53785 
53819 
53854 
53888 
53922 
53957 
53991 
54025 
54059 
54093 

.54127 
54161 
54195 
54229 
54263 
54297 
54331 
54365 
54399 
54433 

.54466 
54500 
54534 
54567 
54601 
54635 
54668 
54702 
54735 
54769 

.54802 
54836 
54869 
54903 
54936 
54969 
55003 
55036 
55069 
55102 

.55136 
55169 
55202 
55235 
55268 
55301 
55334 
55367 
55400 
55433 



0.58 
58 
58 
58 
58 
58 
58 
57 
57 
57 
57 
57 
57 
57 
67 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
57 
56 
56 
56 
,56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
,56 
55 
55 
55 
55 
55 
65 
,55 
55 
55 
55 
55 
55 
55 
55 



TaiiK. 



9.56107 
56146 
56185 
56224 
56264 
56303 
56342 
56381 
56420 
56469 
56498 

9.56537 
56576 
56615 
56654 
56693 
56732 
56771 
56810 
56849 
56887 

9.56926 
56965 
57004 
57042 
57081 
57120 
57158 
57197 
57235 
57274 

9.57312 
57351 
57389 
57428 
57466 
57604 
57543 
67581 
57619 
57658 

9.57696 
57734 
57772 
57810 
57849 
57887 
57925 
57963 
58001 
58039 

9.58077 
58115 
58153 
58191 
58229 
58267 
58304 
58342 
58380 
58418 



Dl" 



0.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.64 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 




1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



M. Cosine. D"l Cotang. Dl" , M. | M. 



8ine. 



9.55433 
66466 
55499 
66532 
66664 
65697 
65630 
65663 
65695 
55728 
65761 

9.65793 
65826 
66858 
65891 
66923 
55956 
65988 
56021 
66053 
56085 

9.56118 
56150 
56182 
56215 
56247 
66279 
56311 
56343 
66375 
56408 

9.56440 
56472 
66504 
66536 
66568 
56599 
66631 
56663 
66695 
66727 

9.66759 
56790 
66822 
66854 
56886 
66917 
56949 
56980 
57012 
57044 

9.57075 
57107 
57138 
57169 
57201 
57232 
57264 
57295 
57326 
57358 



Dl" 



0.55 
.66 
.66 
.65 
.55 
.55 
.65 
.65 
.64 
.54 
.54 
.64 
.54 
.54 
.54 
.64 
.54 
.54 
.54 
.64 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.64 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.63 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 



TanR. Dl" 

i.58418 

68456 

68493 

68531 

68569 

68606 

58644 

68681 

68719 

68757 

68794 
J.58832 

68869 

58907 

58944 

58981 

59019 

59056 

59094 

59131 

59168 
J.59205 

59243 

69280 

69317 

69354 

69391 

59429 

59466 

59503 

69540 
).59577 

69614 

59661 

59688 

59725 

59762 

69799 

69835 

59872 

59909 
).59946 

59983 

60019 

60056 

60093 

60130 

60166 

60203 

60240 

60276 
).60313 

60349 

60386 

60422 

60459 

60495 

60532 

60568 

60605 

60641 



Cosine. Dl" Cotang. Dl" 



0.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.63 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.62 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 



eo^" 



38 



60 
59 
58 
57 
66 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




es"* 



H^"* 



SINES AND TANGENTS. 



M^ 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
68 
59 
60 



«7° 



Sine. 



9.57358 
57389 
57420 
57451 
57482 
57514 
57545 
57576 
57607 
57638 
57669 

9.57700 
57731 
67762 
57793 
57824 
57855 
57885 
57916 
57947 
57978 

9.58008 
58039 
58070 
58101 
58131 
58162 
58192 
58223 
58253 
58284 

9.58314 
58345 
58375 
58406 
58436 
58467 
58497 
58527 
58557 
58588 

9.58618 
58648 
58678 
58709 
58739 
58769 
58799 
58829 
58859 
58889 

9.58919 
58949 
58979 
59009 
59039 
59069 
59098 
59128 
59158 
59188 



Cosine. 



Dl" Tang. Dl" 



0.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 

DT 



1.60641 
60677 
60714 
60750 
60786 
60823 
60859 
60895 
60931 
60967 
61004 

.61040 
61076 
61112 
61148 
61184 
61220 
61256 
61292 
61328 
61364 

.61400 
61436 
61472 
61508 
61544 
61579 
61615 
61651 
61687 
61722 

.61758 
61794 
61830 
61865 
61901 
61936 
61972 
62008 
62043 
62079 

.62114 
62150 
62185 
62221 
62256 
62292 
62327 
62362 
62398 
62433 

.62468 
62504 
62539 
62574 
62609 
62645 
62680 
62715 
62750 
62785 



Cotang. Dl" 



0.61 
61 
61 
,60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
,60 
60 
60 
,60 
,60 
60 
60 
,60 
60 
60 
60 
60 
60 
,59 
59 
59 
59 
59 
59 
59 
,59 
59 
59 
,59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




M. 



M. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. Dl" Tang. Dl" 



1.59188 
59218 
59247 
59277 
59307 
59336 
59366 
59396 
59425 
59455 
69484 
1.59514 
59543 
59573 
59602 
59632 
59661 
59690 
59720 
59749 
59778 
.59808 
59837 
59866 
69895 
69924 
69954 
59983 
60012 
60041 
60070 
.60099 
60128 
60157 
60186 
60215 
60244 
60273 
60302 
60331 
60359 
.60388 
60417 
60446 
60474 
60503 
60532 
60.i61 
60589 
(50618 
60646 
.60675 
60704 
60732 
60761 
60789 
60818 
60846 
60875 
60903 
60931 



0.50 
50 
.49 
,49 
49 
49 
,49 
.49 
.49 
.49 
.49 
.49 
,49 
49 
49 
49 
49 
.49 
49 
.49 
.49 
.49 
.49 
49 
49 
.49 
49 
.49 
48 
.48 
.48 
.48 
.48 
48 
.48 
.48 
48 
48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
48 
,48 
48 
48 
48 
47 
.47 
47 
.47 
.47 



.62785 
62820 
62855 
62890 
62926 
62961 
62996 
63031 
63066 
63101 
63135 

.63170 
63205 
63240 
63275 
63310 
63345 
63379 
63414 
63449 
63484 

.63519 
63553 
63588 
63623 
63657 
63692 
63726 
63761 
63796 
63830 

.63865 
63899 
63934 
63968 
64003 
64037 
64072 
64106 
64140 
64175 

.64209 
64243 
64278 
64312 
64346 
64381 
64415 
64449 
64483 
64517 

.64552 
64586 
64620 
64654 
64688 
64722 
64756 
64790 
64824 
64858 



Cosine. Dl" Cotang. Dl" 



0.59 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 



39 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




66o 



d4<' 



TABLE IV.— LOGARITHMIC 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.60931 
60960 
60988 
61016 
61045 
61073 
61101 
61129 
61158 
61186 
61214 

9.61242 
61270 
61298 
61326 
61354 
61382 
61411 
61438 
61466 
61494 

9.61522 
61550 
61578 
61606 
61634 
61662 
61689 
61717 
61745 
61773 

9.61800 
61828 
61856 
61883 
61911 
61939 
61966 
61994 
62021 
62049 

9.62076 
62104 
62131 
62159 
62186 
62214 
62241 
62268 
62296 
62323 

9.62350 
62377 
62405 
62432 
62459 
62486 
62513 
62541 
62568 
62595 



Dl" Tang. DP »1. 



0.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 



M. Cosine. Dl" Cotang. Dl" 



9.64858 
64892 
64926 
64960 
64994 
65028 
65062 
65096 
65130 
65164 
65197 

9.65231 
65265 
65299 
65333 
65366 
65400 
65434 
65467 
65501 
65535 

9.65568 
65602 
65636 
65669 
65703 
65736 
65770 
65803 
65837 
65870 

9.65904 
65937 
65971 
66004 
66038 
66071 
66104 
66138 
66171 
66204 

9.662.38 
66271 
66304 
66.337 
66371 
66404 
66437 
66470 
66503 
66537 

9.66570 
666031 
66636 
66669 
66702 
66735 
66768 
66801 
66834 
66867 



0.57 
57 
57 
57 
57 
57 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 



M. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



9.62595 
62622 
62649 
62676 
62703 
62730 
62757 
62784 
62811 
62838 
62865 

9.62892 
62918 
62945 
62972 
62999 
63026 
63052 
63079 
63106 
63133 

9.6.3159 
63186 
63213 
63239 
63266 
63292 
63319 
63345 
63372 
63398 

9.63425 
63451 
63478 
63504 
63531 
63557 
63583 
63610 
63636 
63662 

9.63689 
63715 
63741 
63767 
63794 
63820 
63846 
63872 
63898 
63924 

9.63950 
63976 
64002 
64028 
64054 
64080 
64106 
64132 
64158 
64184 



Dl" Tang. Dl" M, 



0.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 



9.66867 
66900 
66933 
66966 
66999 
67032 
67065 
67098 
67131 
67163 
67196 

9.67229 
67262 
67295 
67.327 
67360 
67393 
67426 
67458 
67491 
67524 

9.67556 
67589 
67622 
67654 
67687 
67719 
67752 
67785 
67817 
67850 

9.67882 
67915 
67947 
67980 
68012 
68044 
68077 
68109 
68142 
68174 

9.68206 
68239 
68271 
68303 
68336 



68400 
68432 
68465 
68497 
9.68529 
68561 
68593 
68626 
68658 
68690 
68722 
68754 
68786 
68818 



Cosine. Di" Cotang. Dl" M. 



0.55 
.55 
.55 
.55 
.55 
.55 
.55 
.65 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.55 
.54 
.54 
.54- 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.54 
.53 
.53 
.53 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




99° 



40 



64° 



M*" 



SINES AND TANGENTS. 



«* 



4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 



40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



.64184 
64210 
64236 
64262 
64288 
64313 
64339 
64365 
64391 
64417 
64442 
.64468 
64494 
64519 
64545 
64571 
64596 
64622 
64647 
64673 
64698 
.64724 
64749 
64775 
64800 
64826 
64851 
64877 
64902 
64927 
64953 
.64978 
65003 
65029 
65054 
65079 
65104 
65130 
65155 
65180 
65205 
.65230 
65255 
65281 
65306 
65331 
65356 
65381 
65406 
65431 
65456 
.65481 
65506 
65531 
65556 
65580 
65605 
65630 
65655 
65680 
65705 



Dl" Tang. 



0.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.431 
.43*^ 
.43 
.43 
.43 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.41 
.41 
.41 
.41 
.41 
.41 



69963 
69995 
70026 
70058 
70089 

1.70121 
70152 
70184 
70215 
70247 
70278 
70309 
70341 

■ 70372 
70404 

(.70435 
70466 
70498 
70529 
70560 
70592 
70623 
70654 
70685 
70717 

Cosine. Dl" Cutaii;;. 



.68818 
68850 
68882 
68914 
68946 
68978 
69010 
69042 
69074 
69106 
69138 

.69170 
69202 
69234 
69266 
69298 
69329 
69361 
69393 
69425 
69457 

.69488 
69520 
69552 
69584 
69615 
69647 
69679 
69710 
69742 
69774 

.69805 
69837 
69868 
69900 



Dl" 

0.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 
.52 

Dl" 



M. 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


M. 



Sine. 



.65705 
65729 
65754 
65779 
65804 
65828 
65853 
65878 
65902 
65927 
65952 

.65976 
66001 
66025 
66050 
66075 
66099 
66124 
66148 
66173 
66197 

.66221 
66246 
66270 
66295 
66319 
66343 
66368 
66392 
66416 
66441 

.66465 
66489 
66513 
66537 
66562 
66586 
66610 
66634 
66658 
66682 

.66706 
66731 
66755 
66779 
66803 
66827 
66851 
66875 
66899 
66922 

.66946 
66970 
66994 
67018 
67042 
67066 
67090 
67113 
67137 
67161 



Dl" 

0.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.41 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 



Tang. 



M. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

M. Cosine. Dl" Cotaiig. Dl" 



9.70717 
70748 
70779 
70810 
70841 
70873 
70904 
70985 
70966 
70997 
71028 

9.71059 
71090 
71121 
71153 
71184 
71215 
71246 
71277 
71308 
71339 

9.71370 
71401 
71431 
71462 
71493 
71524 
71555 
71586 
71617 
71648 

9.71679 
71709 
71740 
71771 
71802 
71833 
71863 
71894 
71925 
71955 

9.71986 
72017 
72048 
72078 
72109 
72140 
72170 
72201 
72231 
72262 

9.72293 
72323 
72354 
72384 
72415 
72445 
72476 
72506 
72537 
72567 



0.52 
52 
52 
52 
52 
52 
52 
52 
52 
,52 
52 
,52 
52 
,52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
,51 
51 
51 
51 
51 
51 
51 
51 
51 



68° 



41 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




62^ 



M'' 



TABLE IV.— LOGARITHMIC 



MO 





1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. Dl" Tjing. Dl' 



.67161 
67185 
67208 
67232 
67256 
67280 
67303 
67327 
67350 
67374 
67398 

.67421 
67445 
67468 
67492 
67515 
67539 
67562 
67586 
67609 
67633 

.67656 
67680 
67703 
67726 
67750 
67773 
67796 
67820 
67843 
67866 

.67890 
67913 
67936 
67959 
67982 
68006 
68029 
68052 
68075 
68098 

.68121 
68144 
68167 
68190 
68213 
68237 
68260 
68283 
68305 
68328 

.68351 
68374 
68397 
68420 
68443 
68466 
68489 
68512 
68534 
68557 



0.40 
.40 
.40 
.39 
.39 
.39 
.39 
.39 
.39 
..39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.3^ 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.39 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.88 
.38 
.38 



72567 
72598 
72628 
72659 
72689 
72720 
72750 
72780 
72811 
72841 
72872 
72902 
72932 
72963 
72993 
73023 
73054 
73084 
73114 
73144 
73175 
,7.3205 
73235 
73265 
73295 
73326 
73356 
73386 
73416 
73446 
73476 
,73507 
73537 
73567 
73597 
73627 
73657 
73687 
73717 
73747 
73777 
,73807 
73837 
73867 
73897 
73927 
73957 
73987 
74017 
74047 
74077 
.74107 
74137 
74166 
74196 
74226 
74256 
74286 
74316 
74345 
74375 



M. Cosine. Dl" Cotang. Dl" M. 



0.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.51 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 



M. Sine. Dl" Tang. Dl' 



9.68557 
68580 
68603 
68625 
68648 
68671 
68694 
68716 
68739 
68762 
68784 

9.68807 
68829 
68852 
68875 
68897 
68920 
68942 
68965 
68987 
69010 

9.69032 
69055 
69077 
69100 
69122 
69144 
69167 
69189 
69212 
69234 

9.69256 
69279 
69301 
69323 
69345 
69368 
69390 
69412 
69434 
69456 

9.69479 
69501 
69523 
69545 
69567 
69589 
69611 
69633 
69655 
69677 

9.69699 
69721 
69743 
69765 
69787 
69809 
69831 
69853 
69875 
69897 



.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.38 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
•37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.37 
.36 



M. Cosine. Dl" Cotang. Dl" 



9.74375 
744051 
74435 
74465 
74494 
74524 
74554 
74683 
74613 
74643 
74673 

9.74702 
74732 
74762 
74791 
74821 
74851 
74880 
74910 
74939 
74969 

9.74998 
75028 
75058 
75087 
75117 
75146 
75176 
75205 
75235 
75264 

9.75294 
75323 
75363 
75382 
76411 
75441 
75470 
75500 
75529 
75558 

9.75588 
76617 
75647 
75676 
75705 
75735 
75764 
75793 
75822 
75852 

9.75881 
75910 
75939 
75969 
75998 
76027 
76056 
76086 
76115 
76144 



0.50 
.50 
.50 
.50 
.50 
.60 
.50 
.60 
.50 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 



61<' 



42 



60 
59 
58 
57 
56 
55 
54 
53 
52 
61 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
26 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


M. 



Mo 



SliTfiS AKl) TA:^GENtd. 



df 





1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
•60 



Sine. Dl" Taiiif. Dl' 



9.69897 
69919 
69941 
69963 
69984 
70006 
70028 
70050 
70072 
70093 
70115 

9.70137 
70159 
70180 
70202 
70224 
70245 
70267 
70288 
70310 
70332 

9.70353 
70375 
70396 
70418 
70439 
70461 
70482 
70504 
70525 
70547 

9.70568 
70590 
70611 
70633 
70654 
70675 
70697 
70718 
70739 
70761 

9.70782 
70803 
70824 
70846 
70867 
70888 
70909 
70931 
70952 
70973 

9.70994 
71015 
71036 
71058 
71079 
71100 
71121 
71142 
71163 
71184 



0.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.36 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 



M. Cosine. Dl" Cotang. DV 



9. 



,76144 
76173 
76202 
76231 
76261 
76290 
76319 
76348 
76377 
76406 
76435 
,76464 
76493 
76522 
76551 
76580 
76609 
76639 
76668 
76697 
76725 
76754 
76783 
76812 
76841 
76870 
76899 
76928 
76957 
76986 
77015 
77044 
77073 
77101 
77130 
77159 
77188 
77217 
77246 
77274 
77303 
77332 
77361 
77390 
77418 
77447 
77476 
77505 
77533 
77562 
77591 
77619 
77648 
77677 
77706 
77734 
77763 
77791 
77820 
77849 
77877 



0.49 
.49 
.49 
.49 
.49 
.49 
.49 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




M. 



9. 



M. Sine. Dl" Tang. Dl" M. 

~T 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



71184 
71205 
71226 
71247 
71268 
71289 
71310 
71331 
71352 
71373 
71393 
71414 
71435 
71456 
71477 
71498 
71519 
71539 
71560 
71581 
71602 
,71622 
71643 
71664 
71685 
71705 
71726 
71747 
71767 
71788 
71809 
,71829 
71850 
71870 
71891 
71911 
71932 
71952 
71973 
71994 
72014 
72034 
72055 
72075 
72096 
72116 
72137 
72157 
72177 
72198 
72218 
72238 
72259 
72279 
72299 
72320 
72340 
72360 
72381 
72401 
72421 



0.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 
.34 



.77877 
77906 
77935 
77963 
77992 
78020 
78049 
78077 
78106 
78135 
78163 
.78192 
78220 
78249 
78277 
78306 
78334 
78363 
78391 
78419 
78448 
.78476 
78505 
78533 
78562 
78590 
78618 
78647 
78675 
78704 
78732 
.78760 
78789 
78817 
78845 
78874 
78902 
78930 
78959 
78987 
79015 
.79043 
79072 
79100 
79128 
79156 
79185 
79213 
79241 
79269 
79297 
.79326 
79354 
79382 
79410 
79438 
79466 
79495 
79523 
79551 
79579 



M. Cosine. Dl" Cotang. Dl" M. 



0.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




S9° 



43 



580 



tt^" 



TABLfi rV.-L6QARlMM10 



M^* 





1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
U 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
62 
53 
54 
55 
56 
57 
58 
59 
60 



57° 



Sine. 



.72421 
72441 
72461 
72482 
72502 
72522 
72542 
72562 
72582 
72602 
72622 

L72643 
72663 
72683 
72703 
72723 
72743 
72763 
72783 
72803 
72823 

'.72843 
72863 
72883 
72902 
7292^ 
72942 
72962 
72982 
73002 
73022 

1.73041 
73061 
73081 
73101 
73121 
73140 
73160 
73180 
73200 
73219 

1.73239 
73259 
73278 
73298 
73318 
73337 
73357 
73377 
73396 
73416 

1.73435 
73455 
73474 
73494 
73513 
73533 
73552 
73572 
73591 
73611 



0.34 
34 
84 
34 
34 
34 
34 
34 
34 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
32 
32 
32 
32 



Cosine. 1)1" Cotang. Dl' 



Tang. Dl 



9.79579 
79607 
79635 
79663 
79691 
79719 
79747 
79776 
79804 
79832 
79860 

9.79888 
79916 
79944 
79972 
80000 
80028 
80056 
80084 
80112 
80140 

9.80168 
80195 
80223 
80251 
80279 
80307 
80335 
80363 
80391 
80419 

9.80447 
80474 
80502 
80530 
80558 
80586 
80614 
80642 
80669 
80697 

9.80725 
80753 
80781 
80808 
80836 
80H64 
80892 
80919 
80947 
80975 

9.81003 
81030 
81058 
81086 
81113 
81141 
81169 
81196 
81224 
81252 



0.47 
47 
47 
.47 
.47 
.47 
.47 
.47 
47 
.47 
;47 
47 
,47 
47 
47 
47 
.47 
.47 
.47 
47 
.47 
,47 
.47 
.47 
.47 
,47 
,47 
46 
,46 
,46 
.46 
46 
46 
46 
.46 
46 
46 
46 
.46 
.46 
46 
46 
46 
46 
46 
46 
46 
46 
M 
46 
46 
46 
46 
,46 
,46 
,46 
,46 
46 
,46 
.46 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 



34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
62 
63 
64 
55 
66 
57 
58 
59 
60 



Siue. Dl" Tang. DF 



.73611 
73630 
73660 
73669 
73689 
73708 
73727 
73747 
73766 
73785 
73805 

1.73824 
73843 
73863 
73882 
73901 
73921 
73940 
73959 
73978 
73997 

1.74017 
74036 
74066 
74074 
74093 
74113 
74132 
74151 
74170 
74189 

1.74208 
74227 
74246 
74265 
74284 
74303 
74322 
74341 
74360 
74379 

1.74398 
74417 
74436 
74455 
74474 
74493 
74512 
74631 
74549 
74568 

1.74587 
74606 
74625 
74644 
74662 
74681 
74700 
74719 
74737 
74756 



0.32 
.32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
.32 
32 
.32 
.32 
.32 
.32 
.32 
.32 
.32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
,32 
32 
32 
32 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 



9.81262 
81279 
81307 
81335 
81362 
81390 
81418 
81445 
81473 
81500 
81528 

9.81656 
81683 
81611 
81638 
81666 
81693 
81721 
81748 
81776 
81803 

9.81831 
81868 
81886 
81913 
81941 
81968 
81996 
82023 
82051 
82078 

9.82106 
82133 
82161 
82188 
82216 
82243 
82270 
82298 
82325 
82352 

9.82380 
82407 
82435 
82462 
82489 
82517 
82544 
82571 
82599 
82626 

9.82653 
82681 
82708 
82735 
82762 
82790 
82817 
82844 
82871 
82899 



Cosine. Dl" Cotang. Dl" M. 



0.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.45 
.46 
.45 
.45 
.45 
.45 
.45 



60 
69 
58 
57 
66 
65 
64 
63 
62 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




44 



5e» 



M:^ 



SINES AND TANGENTS. 



85* 



Sine. Dl" Tang. Dl" »l. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

M. 



1.74756 
74775 
74794 
74812 
74831 
74850 
74868 
74887 
74906 
74924 
74943 

1.74961 
74980 
74999 
75017 
75036 
75054 
75073 
75091 
75110 
75128 

1.75147 
75165 
75184 
75202 
75221 
75239 
75258 
75276 
75294 
76313 

1.75331 
75350 
75368 
75386 
75405 
75423 
75441 
75459 
75478 
75496 

1.75514 
75533 
75551 
75569 
75587 
75605 
75624 
75642 
75660 
75678 

1.75696 
75714 
75733 
75751 
75769 
75787 
75805 
75823 
75841 
75859 



0.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 



L82899 
82926 
82953 
82980 
83008 
83035 
83062 
83089 
83117 
83144 
83171 

1.83198 
83225 
83252 
83280 
83307 
83334 
83361 
83388 
83415 
83442 

1.83470 
83497 
83524 
83551 
83578 
83605 
83632 
83659 
83686 
83713 

1.83740 
83768 
83795 
83822 
83849 
83876 
83903 
83930 
83957 
83984 

1.84011 
84038 
84065 
84092 
84119 
84146 
84173 
84200 
84227 
84254 

1.84280 
84307 
84334 
84361 
84388 
84415 
84442 
84469 
84496 
84523 



0.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 



SS*' 



Cosine. DP Cotang. Dl" 

S. N. 38. 



M. 



9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
.39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.75859 
75877 
75895 
75913 
76931 
75949 
75967 
76985 
76003 
76021 
76039 

9.76057 
76075 
76093 
76111 
76129 
76146 
76164 
76-182 
76200 
76218 

9.76236 
76253 
76271 
76289 
76307 
76324 
76342 
76360 
76378 
76395 

9.76413 
76431 
76448 
76466 
76484 
76501 
76519 
76537 
76554 
76572 

9.76590 
76607 
76625 
76642 
76660 
76677 
76695 
76712 
76730 
76747 

9.76765 
76782 
76800 
76817 
76835 
76852 
76870 
76887 
76904 
76922 



DF Tang. Dl" 'M. 



0.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 
.29 



,84523 
84550 
84576 
84603 
84630 
84657 
84684 
84711 
84738 
84764 
84791 
.84818 
84845 
84872 
84899 
84925 
84952 
84979 
85006 
85033 
85059 
.85086 
85113 
85140 
85166 
85193 
85220 
85247 
85273 
85300 
85327 
85354 
85380 
85407 
85434 
85460 
85487 
85514 
85540 
85567 
85594 
,85620 
85647 
85674 
85700 
85727 
85754 
85780 
85807 
85834 
85860 
,85887 
85913 
85940 
85967 
85993 
86020 
86046 
86073 
86100 
86126 



Cosine. Dl" Cotang. Dl" M. 



0.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 



60 
59 
68 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




45 



54^^ 



w 



TABLE IV.— LOGARITHMIC 



«r 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. Dl" ] Tang. 1)1" M. 



1.76922 
76939 
76957 
76974 
76991 
77009 
77026 
77043 
77061 
77078 
77095 

).77112 
77130 
77147 
77164 
77181 
77199 
77216 
77233 
77250 
77268 

1.77285 
77302 
77319 
77336 
77353 
77370 
77387 
77405 
77422 
77439 

1.77456 
77473 
77490 
77507 
77524 
77541 
77558 
77575 
77592 
77609 

L77626 
77643 
77660 
77677 
77694 
77711 
77728 
77744 
77761 
77778 

).77795 
77812 
77829 
77846 
77862 
77879 
77896 
77913 
77930 
77946 



0.29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
28 



k86l26 
86153 
86179 



86232 
86259 
86285 
86312 
86338 
86365 
86392 

1.86418 
86445 
86471 
86498 
86524 
86551 
86577 
86603 
86630 
86656 

1.86683 
86709 
86736 
86762 
86789 
86815 
86842 
86868 
86894 
86921 

1.86947 
86974 
87000 
87027 
87053 
87079 
87106 
87132 
87158 
87185 

1.87211 
87238 
87264 
87290 
87317 
87343 
87369 
87396 
87422 
87448 

1.87475 
87501 
87527 
87554 
87580. 
87606 
87633 
87659 
87685 
87711 



('osiiu'. 1)1" Cot.-insr. Dl" 



0.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 

..44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 



M. Sine. Dl" Tang. DP 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
.38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



9.77946 
77963 
77980 
77997 
78013 
78030 
78047 
78063 
78080 
78097 
78113 

9.78130 
78147 
78163 
78180 
78197 
78213 
78230 
78246 
78263 
78280 

9.78296 
78313 
78329 
78346 
78362 
78379 
78395 
78412 
78428 
78445 

9.78461 
78478 
78494 
78510 
78527 
78543 
78560 
78576 
78592 
78609 

9.78625 
78642 
78658 
78674 
78691 
78707 
78723 
78739 
78756 
78772 

9.78788 
78805 
78821 
78837 
78853 
78869 
78886 
78902 
78918 
78934 



0.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 



9.87711 
87738 
87764 
87790 
87817 
87843 
87869 
87895 
87922 
87948 
87974 

9.88000 
88027 
88053 
88079 
88105 
88131 
88158 
88184 
88210 
88236 

9.88262 



88315 
88341 
88367 
88393 
88420 
88446 
88472 
88498 
9.88524 
88550 
88577 
88603 



88655 
88681 
88707 
88733 
88759 

9.88786 
88812 
88838 
88864 
88890 
88916 
88942 
88968 
88994 
89020 

9.89046 
89073 
89099 
89125 
89151 
89177 
89203 
89229 
89255 
89281 



CJosine. Dl" Cotang. Dl" 



0.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 



58"^ 



46 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




52» 



S8° 



SINES AND TANGENTS. 



M<> 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
68 
59 
60 



Sine. Dl" Tang. Dl' 



.78934 
78950 
78967 
78983 
78999 
79016 
79031 
79047 
79063 
79079 
79095 

.79111 
79128 
79144 
79160 
79176 
79192 
79208 
79224 
79240 
79256 

.79272 
79288 
79304 
79319 
79335 
79351 
79367 
79383 
79399 
79415 

.79431 
79447 
79463 
79478 
79494 
79510 
79526 
79542 
79558 
79573 

.79589 
79605 
79621 
79636 
79652 
79668 
79684 
79699 
79715 
79731 

.79746 
79762 
79778 
79793 
79809 
79S25 
79840 
79856 
79872 
79887 



0.27 
27 

27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
.26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 



9.89281 
89307 
89333 
89359 
89385 
89411 
89437 
89463 
89489 
89515 
89541 

9.89567 
89593 
89619 
89645 
89671 
89697 
89723 
89749 



0.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 



89775 '^^ 



89801 

9.89827 
89863 
89879 
89905 
89931 
89957 
89983 
90009 
90035 
90061 

9.90086 
90112 
90138 
90164 
90190 
90216 
90242 
90268 
90294 
90320 

9.90346 
90371 
90397 
90423 
90449 
90475 
90501 
90527 
90553 
90578 

9.90604 
90630 
90656 
90682 
90708 
90734 
90759 
90785 
90811 
90837 



Cosine. Dl" Cotang. Dl" M 



.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 



M. 



M. . Sine. Dl" Tang. Dl" »I. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
67 
58 
59 
60 



9.79887 
79903 
79918 
79934 
79960 
79965 
79981 
79996 
80012 
80027 
80043 

9.80058 
80074 
80089 
80105 
80120 
80136 
80151 
80166 
80182 
80197 

9.80213 
80228 
80244 
80259 
80274 
80290 
80305 
80320 
80336 
80351 

9.80366 
80382 
80397 
80412 
80428 
80443 
80458 
80473 
80489 
80504 

9.80519 
80534 
80550 
80565 
80580 
80595 
80610 
80625 
80641 
80656 

9.80671 
80686 
80701 
80716 
80731 
80746 
80762 
80777 
80792 
80807 



0.26 
JJ6 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.25 
.25 
.25 
.25 
.25 
.26 
.25 
.26 
.25 
.25 
.25 
.25 
.25 
.26 
.25 
.25 
.26 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 



M. Cosine. Dl" Cotunu. Dl' 



9.90837 
90863 
90889 
90914 
90940 
90966 
90992 
91018 
91043 
91069 
91095 

9.91121 
91147 
91172 
91198 
91224 
91250 
91276 
91301 
91327 
91353 

9.91379 
91404 
91430 
91456 
91482 
91507 
91533 
91559 
91585 
91610 

9.^91636 
91662 
91688 
91713 
91739 
91765 

. 91791 
91816 
91842 
91868 

9.91893 
91919 
91945 
91971 
91996 
92022 
92048 
92073 
92099 
92125 

9.92150 
92176 
92202 
92227 
92253 
92279 
92304 
92330 
92356 
92381 



0.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 



51« 



47 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



M. 

■"50° 



40» 



TABLE IV.— LOGARITHMIC 



^fL'' 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



4^ 



Sine. Dl" Taiix. 



9.80807 
80822 
80837 
80852 
80867 
80882 
80897 
80912 
80927 
80942 
80957 

9.80972 
80987 
81002 
81017 
81032 
81047 
81061 
81076 
81091 
81106 

9.81121 
81136 
81151 
81166 
81180 
81195 
81210 
81225 
81240 
81254 

9.81269 
81284 
81299 
81314 
81328 
81343 
81358 
81372 
81387 
81402 

9.81417 
81431 
81446 
81461 
81475 
81490 
81505 
81519 
81534 
81549 

9.81563 
81578 
81592 
81607 
81622 
81636 
81651 
81665 
H16S0 
81694 



0.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.26 
.25 
.25 
.25 
.25 
.25 
.26 
.25 
.26 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 



M. Conine. 1)1" ('<)tJiiiK. Dl" 



9.92381 
92407 
02433 
92458 
92484 
•92610 
92535 
92561 
92587 
92612 
92638 

9.92663 
92689 
92715 
92740 
92766 
92792 
92817 
92843 
92868 
92894 

9.92920 
92946 
92971 
92996 
93022 
93048 
93073 
93099 
93124 
93150 

9.93175 
93201 
93227 
93252 
93278 
93303 
93329 
93364 
93380 
93406 

9.93431 
93457 
93482 
93508 
93533 
93559 
93584 
93610 
93636 
93661 

9.93687 
93712 
93738 
93763 
93789 
93814 
93840 
93865 
9.3891 
93916 



Dl" 

0.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 



60 
59 
58 
57 
56 
65 
64 
63 
62 
61 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




M. 



M. 




1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
64 
55 
56 
57 
58 
69 
60 



Sine. I Dl" 



.81694 
81709 
81723 
81738 
81752 
81767 
81781 
81796 
81810 
81825 
81839 

.81864 
81868 
81882 
81897 
81911 
81926 
81940 
81955 
81969 
81983 

.81998 
82012 
82026 
82041 
82055 
82069 
82084 
82098 
82112 
82126 

.82141 
82155 
82169 
82184 
82198 
82212 
82226 
82240 
82255 
82269 

.82283 
82297 
8231 1 
82326 
82340 
82354 
82368 
82382 
82396 
82410 

.82424 
82439 
82453 
82467 
82481 
82495 
82509 
82523 
82537 
82551 



('oHiiie. 



G.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.24 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 
.23 



Taug. 



9.93916 

93942 

93967 

93993 

94018 

94044 

94069 

94095 

94120 

94146 

94171 
9.94197 

94222 

94248 

94273 

94299 

94324 

94350 

94375 

94401 

94426 
9.94452 

94477 

94503 

94528 

94564 

94579 

94604 

94630 

94655 

94681 
9.94706 

94732 

94757 

94783 

94808 

94834 

94859 

94884 

94910 

94935 
9.94961 

94986 

95012 

95037 

95062 

95088 

95113 

95139 

95164 

95190 
9.95215 

95240 

95266 

95291 

95317 

95342 

95368 

95393 

95418 

954441 

CotanK.j Dl" 



Dl" 

D.43 
.43 
.43 
.43 
.43 
.43 
.43 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 



48 



60 
69 
68 
67 
56 
55 
64 
53 
62 
51 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
26 
24 
23 
22 
21 
20 
T9 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




48« 



429 



SINES AND TANGENTS. 



43» 



M. Sine. Dl" Tang. I Dl" 




1 
2 
3 

4 

5 

A 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28. 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
53 
54 
55 
56 
57 
58 
59 
60 



1.82551 
82565 
82579 
82593 
82607 
82621 
82635 
82649 
82663 
82677 
82691 

K82705 
82719 
82733 
82747 
82761 
82775 
82788 
82802 
82816 
82830 

1.82844 
82858 
82872 
82885 
82899 
82913 
82927 
82941 
82955 
82968 

).82982 
82996 
83010 
83023 
83037 
83051 
83065 
83078 
83092 
83106 

).83120 
83133 
83147 
83161 
83174 
83188 
83202 
83215 
83229 
83242 

).83256 
83270 
83283 
83297 
83310 
83324 
83338 
83351 
83365 
83378 



0.23 
23 
23 



1.95444 
95469 
95495 
95520 
95545 
95571 
95596 
95622 
95647 
95672 
95698 

.957231 
95748 
95774 
95799 
95825 
95850 
95875 
95901 
95926 
95952 

.95977 
96002 
96028 
96053 
96078 1 
961041 
961291 
96155 
961801 
96205 1 

.96231 ! 
96256 
96281 
96307 
96332 
96357 
96383 
96408 
96433 
96459 

.96484 
96510 
96535 
96560 
96586 
96611 
96636 



96687 
96712 
1.96738 
96763 
96788 
96814 
96839 
96864 
96890 
96915 
96940 
96966 



0.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 



Cosine. Dl" Cotang.i Dl" M. 



M. 


M. 


Sini'. 


60 





9.83378 


59 


1 


83392 


58 


2 


83405 


57 


3 


83419 


56 


4 


83432 


55 


5 


83446 


54 


•6 


83459 


53 


7 


83473 


52 


8 


83486 


51 


9 


83500 


50 


10 


83513 


49 


11 


9.83527 


48 


12 


83540 


47 


13 


83554 


46 


14 


83567 


45 


15 


83581 


44 


16 


83594 


43 


17 


83608 


42 


18 


83621 


41 


19 


83634 


40 


20 


83648 


39 


21 


9.83661 


38 


22 


83674 


37 


23 


83688 


36 


24 


83701 


35 


25 


83715 


34 


26 


83728 


33 


27 


83741 


32 


28 


83765 


31 


29 


83768 


30 


30 


83781 


29 


31 


9.83795 


28 


32 


83808 


27 


33 


83821 


26 


34 


83834 


25 


35 


83848 


24 


36 


83861 


23 


37 


83874 


22 


38 


83887 


21 


39 


83901 


20 


40 


83914 


19 


41 


9.83927 


18 


42 


83940 


17 


43 


83954 


16 


44 


83967 


15 


45 


83980 


14 


46 


83993 


13 


47 


84006 


12 


48 


84020 


11 


49 


84033 


10 


50 


84046 


9 


51 


9.84059 


8 


52 


84072 


7 


53 


84085 


6 


54 


84098 


5 


55 


84112 


4 


56 


84125 


3 


67 


84138 


2 


58 


84151 


1 


59 


84164 





60 


84177 


~m7 


M. 


Cosine. 



Dl" 

0.23 
.23 
.23 
.23 
.23 
.23. 
.22 
.22 
.22 
.22 



.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.221 
.221 
.22 j 
.22 
.22 1 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 



Tang. Dl" 



.96966 
96991 
97016 
97042 
97067 
97092 
97118 
97143 
97168 
97193 
97219 

.97244 
97269 
97295 
97320 
97345 
97371 
97396 
97421 
97447 
97472 

.97497 
97523 
97548 
97573 
97598 
97624 
97649 
97674 
97700 
97725 

.97750 
97776 
97801 
97826 
97851 
97877 
97902 
97927 
97953 
97978 

1.98003 
98029 
98054 
98079 
98104 
98130 
98155 
98180 
98206 
98231 

.98256 
98281 
98307 
98332 
98357 
98383 
98408 
98433 
98458 
98484 



0.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 



47° 



49 



60 
69 
58 
67 
56 
55 
54 
53 
52 
51 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 



7 
6 
5 
4 
3 
2 
1 


M. 

"46^ 



440 



TABLE IV.— LOGARITHMIC 



45» 



Sine. 





1 
2 

a 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



.84177 
84190 
84203 
84216 
84229 
84242 
84255 
84269 
84282 
84295 
84308 

.84321 
84334 
84347 
84360 
84373 
84385 
84398 
84411 
84424 
84437 

.84450 
84463 
84476 
84489 
84502 
84515 
84528 
84540 
84553 
84566 

.84579 
84592 
84605 
84618 
84630 
84643 
84656 
84669 
84682 
84694 

.84707 
84720 
84733 
84745 
84758 
84771 
84784 
84796 
84809 
84822 

.84835 
84847 
84860 
84873 
84885 
84898 
84911 
84923 
84936 
84949 



Cosine. 



Dl" 

0.22 
22 
22 
:22 
22 
22 
22 
22 
22 
,22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 



Tani?. Dl" 



9.98484 
98509 
98534 
98560 
98585 
98610 
98635 
98661 



98711 
98737 

9.98762 
98787 
98812 
98838 
98863 
98888 
98913 
98939 
98964 
98989 

9.99015 
99040 
99065 
99090 
99116 
99141 
99166 
99191 
99217 
99242 

9.99267 
99293 
99318 
99343 
99368 
99394 
99419 
99444 
99469 
99495 

9.99520 
99545 
99570 
99596 
99621 
99646 
99672 
99697 
99722 
99747 

9.99773 
99798 
99823 
99848 
99874 
99899 
99924 
99949 
99975 
10.00000 



Dl" Cotang. 



0.42 
,42 
42 
,42 
42 
,42 
,42 
42 
42 
42 
42 
42 
,42 
,42 
,42 
42 
,42 
42 
,42 
42 
.42 
42 
.42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
.42 
42 
42 
42 
.42 
42 
42 
42 
42 
42 
42 
42 
,42 
.42 
,42 
,42 
,42 
42 
,42 
,42 



Dl" 



M. 



M. 



Slue. Dl" 



.84949 
84961 
84974 
84986 
84999 
85012 
85024 
85037 
85049 
85062 
85074 
.85087 
85100 
85112 
85125 
85137 
85150 
85162 
85175 
85187 
85200 
.85212 
85225 
85237 
85250 
85262 
85274 
85287 
85299 
85312 
85324 
.85337 
85349 
85361 
85374 
85386 
85399 
85411 
85423 
85436 
85448 
.85460 
85473 
85485 
85497 
85510 
85522 
85534 
85547 
85559 
85571 
.85583 
85596 
85608 
85620 
85632 
85645 
85657 
85669 
85681 
85693 



10 



10 



0.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 
.21 

.211^® 

.21 1 

.21: 

.21 

.21 

.21 

.21 

.21 

.21 

.21 

.21 

.21 

.21 

.21 

.21 

.20 

.20 



Tang. 



10, 



.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 



10 



10.1 



00000 
00025 
00051 
00076 
00101 
00126 
00152 
00177 
00202 
00227 
00253 
00278 
00303 
00328 
00354 
00379 
00404 
00430 
00455 
00480 
00505 
00531 
00556 
00581 
00606 
00632 
00657 
00682 
00707 
00733 
00758 
00783 
00809 
00834 
00859 
00884 
00910 
00935 
00960 
00985 
01011 
01036 
01061 
01087 
01112 
01137 
01162 
01188 
01213 
01238 
01263 
01289 
01314 
01339 
01365 
01390 
01415 
01440 
01466 
01491 
01516 



Dl" 



0.42 
,42 
.42 
42 
.42 
.42 
,42 
42 
.42 
.42 
42 
.42 
.42 
.42 
42 
42 
42 
42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
,42 
.42 
,42 
.42 
.42 
.42 
,42 
.42 
,42 
42 
.42 
,42 
,42 
.42 
.42 
.42 
,42 
.42 
.42 
.42 
.42 
.42 
.42 
42 
.42 
,42 
42 
.42 
42 
42 
.42 
,42 



45° 



M. M. Cosine. Dl" Cotang. Dl" 
50" 



60 
59 
58 
57 
56 
55 
54 
53 
62 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 



440 



46° 



SINES AND TANGENTS. 



47° 



M. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
• 26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.85693 
85706 
85718 
85730 
85742 
85754 
85766 
85779 
85791 
85803 
85815 

9.85827 
85839 
85851 
85864 
85876 
85888 
85900 
85912 
85924 
85936 

9.85948 
85960 
85972 
85984 
85996 
86008 
86020 
86032 
86044 
86056 

9.86068 
86080 
86092 
86104 
86116 
86128 
86140 
86152 
86164 
86176 

9.86188 
86200 
86211 
86223 
86235 
86247 
86259 
86271 
86283 
86295 

9.86306 
86318 
86330 
86342 
86354 
86366 
86377 
86389 
86401 
86413 



m" 



0.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
,20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 



M. I Cosine. Dl" Cotaiig. Dl" 



Taiiif. 



1)1" M 



10 



10 



10 



10 



10 



10 



.01516 
01542 
01567 
01592 
01617 
01643 
01668 
01693 
01719 
01744 
01769 
,01794 
01820 
01845 
01870 
01896 
01921 
01946 
01971 
01997 
02022 
,02047 
02073 
02098 
02123 
02149 
02174 
02199 
02224 
02250 
02275 
,02300 
02326 
02351 
02376 
02402 
02427 
02452 
02477 
02503 
02528 
02553 
02579 
02604 
02629 
02655 
02680 
02705 
02731 
02756 
02781 
02807 
02832 
02857 
02882 
02908 
02933 
02958 
02984 
03009 
03034 



0.42 
42 
42 
42 
42 
42 
42 
42 
,42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
,42 
42 
42 
42 
42 
42 
42 
.42 
42 
42 
42 
42 
.42 
42 
.42 
.42 
,42 
,42 
42 
42 
42 
,42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
,42 
,42 
42 
,42 
42 
42 



Sine. Dl" Tang. Dl" M 



9.86413 
86425 
86436 
86448 
86460 
86472 
86483 
86495 
86507 
86518 
86530 

9.86542 
86554 
86565 
86577 
86589 
86600 
86612 
86624 
86635 
86647 

9.86659 
86670 
86682 
86694 
86705 
86717 
86728 
86740 
86752 
86763 

9.86775 
86786 
86798 
86809 
86821 
86832 
86844 
86855 
86867 
86879 

9.86890 
86902 
86913 
86924 
86936 
86947 
86959 
86970 
86982 
86993 

9.87005 
87016 
87028 
87039 
87050 
87062 
87073 
87085 
87096 
87107 



Cosine. PI 



0.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 
.19 



10.03034 
03060 
03085 
03110 
03186 
03161 
03186 
03212 
03237 
03262 
03288 

10.03313 
03338 
03364 
03389 
03414 
03440 
03465 
03490 
03516 
03541 

10.03567 
03592 
03617 
03643 
03668 
03693 
03719 
03744 
03769 
03795 

10.03820 
03845 
03871 
03896 
03922 
03947 
03972 
03998 
04023 
04048 

10.04074 
04099 
04125 
04160 
04175 
04201 
04226 
04252 
04277 
04302 

10.04328 
04353 
04378 
04404 
04429 
04455 
04480 
04505 
04531 
04556 



Cotang. Dl" 



0.42 
.42 
.42 
-.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.'42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 
.42 



48° 



60 
69 
58 
57 
56 
55 
54 
53 
62 
51 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 



37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 



22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 





51 



42° 



48« 



TABLE IV.— LOGARITHMIC 



49« 





1 

2 

;i 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
U 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



9.87107 ,, ,Q 10.04556 

87119 ^'\l 04582 

87130 '\l 04607 

87141 '\l 04632 

87153 'tl 04658 

87164 'tl 04683 

87175 '\l 04709 

87187 ,y 04734 

87198 '\l 04760 

87209 '\l 04785 

87221 •\l 04810 

9.87232 '\l 10.04836 

87243 '\l 04861 

87255 '\l 04887 

87266 • y 04912 

87277 '\l 04938 

87288 'Iq 04963 

87300 '\l 04988 

87311 • y 05014 

87322 -tl 05039 

87334 • y 05065 

9.87345 • „ 10.05090 

87356 -J^ 05116 

87367 • Q 05141 

87378 ';l 05166 

87390 • 05192 

87401 '\l 05217 

87412 *}^ 05243 

87423 '\l 05268 

87434 '\l 05294 

87446 'q 05319 

9.87457 '\l 10.05345 

87468 '\l 05370 

87479 '\l 05396 

87490 '\l 05421 

87501 *Iq 05446 

87513 • q 05472 

87524 • Q 05497 

87535 '\l 05523 

87546 '\l 05548 

87557 'I^ 05574 

9.87568 '\l 10.05599 

87579 '\l 05625 

87590 '\l 05650 

87601 '{^ 05676 

87613 ,^ 05701 

87624 '\l 05727 

87635 ''^ 05752 

87646 'tl 05778 

87657 •}„ 05803 

87668 '11 05829 

9.87679 •,„ 10.05854 

. 87690 •;" 05880 

87701 -{^ 05905 

87712 •;" 05931 

87723 • Q 05956 

87734 '\l 05982 

87745 '\l 06007 

87756 -f" 06033 

87767 't^ 06058 

87778 '^^ 06084 

M. C«)8ino. Dl" Ootaiig. 



rang. 



1)1" 



0.42 
42 
42 
,42 
42 
,42 
.42 
.42 
,42 
.42 
42 
.42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
.42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
.42 
42 
42 
42 
42 
42 
,42 
42 
42 
42 
42 
a:\ 
43 
.43 
,43 
,43 
43 
,43 
43 



M. 



Sine. 



9.87778 
87789 
87800 
87811 
87822 
87833 
87844 
87855 
87866 
87877 
87887 

9.87898 
87909 
87920 
87931 
87942 
87953 
87964 
87975 
87985 
87996 

9.88007 
88018 
88029 
88040 
88051 
88061 
88072 
88083 
88094 
88105 

9.88115 
88126 
88137 
88148 
88158 
88169 
88180 
88191 
88201 
88212 

9.88223 
88234 
88244 
88255 
88266 
88276 
88287 
88298 
88308 
88319 

9.88330 
88340 
88351 
88362 
88372 
88383 
88394 
88404 
88415 
88425 j 



Dl" 

0.18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 



TauK. 1)1" 



10. 



10, 



10 



10 



10 



06084 
06109 
06135 
06160 
06186 
06211 
06237 
06262 
06288 
06313 
06339 
06364 
06390 
06416 
06441 
06467 
06492 
06518 
06543 
06569 
06594 
,06620 
06646 
06671 
06697 
06722 
06748 
06773 
06799 
06825 
06850 
.06876 
06901 
06927 
06952 
06978 
07004 
07029 
07055 
07080 
07106 
.07132 
07157 
07183 
07208 
07234 
07260 
07285 
07311 
07337 
07362 
.07388 
07413 
07439 
07465 
07490 
07516 
07542 
07567 
07593 
07619 



0.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
-43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 



41° 



M. M. Cosine. | Dl" Cotang. Dl" 
52 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 



27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



~m7 



4©o 



SO^' 



SINES AND TANGENTS. 



5r 



M. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



.88425 
88436 
88447 
88457 
88468 
88478 
88489 
88499 
88510 
88521 
88531 

.88542 
88552 
88563 
88573 
88584 
88594 
88605 
88615 
88626 
88636 

.88647 
88657 
88668 
88678 
88688 
88699 
88709 
88720 
88730 
88741 

.88751 
88761 
88772 
88782 
88793 
88803 
88813 
88824 
88834 
88844 

.88855 
88865 
88875 
88886 
88896 
88906 
88917 
88927 
88937 
88948 

.88958 
88968 
88978 
88989 
88999 
89009 
89020 
89030 
89040 
89050 



M. Cosine. Dl' 



Dl" 



0.18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 



Tang. Dl" 



10.07619 
07644 
07670 
07696 
07721 
07747 
07773 
07798 
07824 
07850 
07875 

10.07901 
07927 
07952 
07978 
08004 
08029 
08055 
08081 
08107 
08132 

10.08158 
08184 
08209 
08235 
08261 
08287 
08312 
08338 
08364 
08390 

10.08415 
08441 
08467 
08493 
08518 
08544 
08570 
08596 
08621 
08647 

10.08673 
08699 
08724 
08750 
08776 
08802 
08828 
08853 
08879 
08905 

10.08931 
08957 
08982 
09008 
09034 
09060 
09086 
09111 
09137. 
09163 



0.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 



Ootang. Dl" M 



M. 



M. 



Sine. Dl" Tang. Dl" 



9.89050 
89060 
89071 
89081 
89091 
89101 
89112 
89122 
89132 
89142 
89152 

9.89162 
89173 
89183 
89193 
89203 
89213 
89223 
89233 
89244 
89254 

9.89264 
89274 
89284 
89294 
89304 
89314 
89324 
89334 
89344 
89354 

9.89364 
89375 
89385 
89395 
89405 
89415 
89425 
89435 
89445 
89455 

9.89465 
89475 
89485 
89495 
89504 
89514 
89524 
89534 
89544 
89554 

9.89564 
89574 
89584 
89594 
89604 
89614 
89624 
89633 
89643 
89653 



Cosine. 



0.17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
16 
16 
16 
16 
16 



10 



10.1 



10 



10, 



10 



10, 



.09163 
09189 
09215 
09241 
09266 
09292 
09318 
09344 
09370 
09396 
09422 
09447 
09473 
09499 
09525 
09551 
09577 
09603 
09629 
09654 
09680 
09706 
09732 
09758 
09784 
09810 
09836 
09862 
09888 
09914 
09939 
09965 
09991 
10017 
10043 
10069 
10095 
10121 
10147 
10173 
10199 
10225 
10251 
10277 
10303 
10329 
10355 
10381 
10407 
10433 
10459 
.10485 
10511 
10537 
10563 
10589 
10615 
10641 
10667 
10693 
10719 



Cotang. Dl" 



0.43 
43 
43 
,43 
,43 
43 
43 
43 
43 
43 
43 
,43 
43 
.43 
.43 
.43 
,43 
,43 
,43 
,43 
,43 
,43 
43 
43 
,43 
43 
43 
,43 
,43 
,43 
,43 
,43 
,43 
.43 
43 
,43 
.43 
.43 
43 
43 
43 
,43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
,43 
,43 
43 
43 
,43 
43 
43 
43 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 



27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 





89<> 



S. N. 39. 



53 



38° 



9Sf 



TABLE IV — LOGARITHMIC 



SS*' 





1 

2 

4 
5 

a 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
63 
54 
55 
56 
57 
58 
59 
60 



9.89653 
89663 
89673 
89683 
89693 
89702 
89712 
89722 
89732 
89742 
89752 

9.89761 
89771 
89781 
89791 
89801 
89810 
89820 
89830 
89340 
89849 

».89859 
89869 
89879 
89888 
89898 
89908 
89918 
89927 
89937 
89947 

9.89956 
89966 
89976 
89985 
89995 
90005 
90014 
90024 
90034 
90043 

9.90053 
90063 
90072 
90082 
90091 
90101 
90111 
90120 
90130 
90139 

9.90149 
90159 
90168 
90178 
90187 
90197 
90206 
90216 
90225 
90235 



Dl" 

0.16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 



Cusine. 



WF 



Thus. 



10.10719 
10745 
10771 
10797 
10823 
10849 
10875 
10901 
10927 
10954 
10980 

10.11006 
11032 
11058 
11084 
UllO 
11136 
11162 
11188 
11214 
11241 

10.11267 
11293 
11319 
11345 
11371 
11397 
11423 
11450 
11476 
11502 

10.11528 
11554 
11580 
11607 
11633 
11659 
11685 
11711 
11738 
11764 

10.11790 
11816 
11842 
11869 
11895 
11921 
11947 
11973 
12000 
12026 

10.12052 
12078 
12105 
12131 
12157 
12183 
12210 
12236 
12262 

10.12289 



Cotsiiis,'. Dl' 



li. 

0.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.43 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.44 



ftl. I Siue. Dt" I THUg. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



1.90235 
90244 
90254 
90263 
90273 
90282 
90292 
90301 
90311 
90320 
90330 

L90339 
90349 
90358 
90368 
90377 
90386 
90396 
90405 
90415 
90424 

1.90434 
90443 
90452 
90462 
90471 
90480 
90490 
90499 
90509 
90518 

1.90527 
90537 
90546 
90555 
90565 
90574 
90583 
90592 
90602 
90611 

1.90620 
90630 
90639 
90648 
90657 
90667 
90676 
90685 
90694 
90704 

1.90713 
90722 
90731 
90741 
90750 
90759 
90768 
90777 
90787 
90796 



0.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.16 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 



M. Cosine. Dl" ('otjiiiu. Dl" 



10.12289 
12315 
12341 
12367 
12394 
12420 
12446 
12473 
12499 
12525 
12552 

10.12578 
12604 
12631 
12657 
12683 
12710 
12736 
12762 
12789 
12815 

10.12842 
12868 
12894 
12921 
12947 
12973 
13000 
13026 
13053 
13079 

10.13106 
13132 
13158 
13185 
13211 
13238 
1.3264 
13291 
13317 
13344 

10.13370 
13397 
13423 
13449 
13476 
13502 
13529 
13555 
13582 
13608 

10.13635 
13662 
13688 
13715 
13741 
13768 
13794 
13821 
1.3847 
13874 



0.44 
44 
44 

,44 
.44 
,44 
,44 
44 
44 
44 
44 
.44 
44 
.44 
,44 
.44 
44 
.44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
.44 
44 
44 
.44 
44 
44 
44 
44 
44 
44 
44 
44 
.44 
44 
.44 
.44 
.44 
.44 
.44 
.44 
,44 
,44 
.44 
.44 
44 
.44 
44 
,44 



64 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




86<> 



M« 



SINES AND TA>:(JENTS. 



55° 




1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



850 



Sine. Dl" Tang 



1.90796 
90805 
90814 
90823 
90832 
90842 
90851 
90860 
90869 
90878 
90887 

1.90896 
90906 
90915 
90924 
90933 
90942 
90951 
90960 
90969 
90978 

1.90987 
90996 
91005 
91014 
91023 
91033 
91042 
91051 
91060 
91069 

1.91078 
91087 
91096 
91105 
91114 
91123 
91132 
91141 
91149 
91158 

1.91167 
91176 
91185 
91194 
91203 
91212 
91221 
91230 
91239 
91248 

1.91257 
91266 
91274 
91283 
91292 
91301 
91310 
91319 
91328 
91336 



0.15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
,15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
16 
15 
16 
16 
15 
16 
16 
16 
15 
15 
15 
15 
15 
15 
16 
15 
16 
16 
15 
16 
15 
16 
16 
15 
15 
16 
16 
15 
16 
16 
16 
16 
16 
15 



10.13874 
13900 
13927 
13954 
13980 
14007 
14033 
14060 
14087 
14113 
14140 

10.14166 
14193 
14220 
14246 
14273 
14300 
14326 
14363 
14380 
14406 

10.14433 
14460 
14486 
14613 
14540 
14666 
14593 
14620 
14646 
1467S 

10.14700 
14727 
14763 
14780 
14807 
14834 
14860 
14887 
14914 
14941 

10.11967 
14994 
16021 
15048 
16076 
16101 
16128 
16166 
16182 
16209 

10.16236 
15262 
16289 
16316 
16343 
16370 
16397 
15424 
16450 
15477 



(/osiiie. Dl" Cotaiig. 1)1" 



1)1" 

0.44 
44 
44 
44 
,44 
44 
,44 
,44 
,44 
44 
44 
,44 
,44 
,44 
,44 
44 
,44 
,44 
44 
44 
44 
,44 
44 
,44 
,44 
44 
,45 
45 
46 
45 
46 
45 
45 
.46 
.45 
46 
45 
.46 
45 
45 
46 
45 
46 
46 
45 
46 
45 
45 
45 
45 
46 
.46 
,45 
,45 
46 
45 
45 
,45 
,45 
46 



M. 



M. 



8ine. 



9.91336 
91346 
91354 
91363 
91372 
91381 
91389 
91398 
91407 
91416 
91425 

9.91433 
91442 
91451 
91460 
91469 
91477 
91486 
91495 
91604 
91512 

9.91521 
91530 
91538 
91547 
91556 
91565 
91573 
91582 
91591 
91699 

9.91608 
91617 
91625 
91634 
91643 
91651 
91660 
91669 
91677 
91686 

9.91695 
91703 
91712 
91720 
91729 
91738 
91746 
91756 
91763 
91772 

9.91781 
91789 
91798 
91806 
91816 
91823 
91832 
91840 
91849 
91857 



Dl" 



0.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.16 
.16 
.15 
.15 
.16 
.15 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 



Taug. 



10. 



10 



10 



10 



10 



10 



15477 
15504 
15531 
15558 
15586 
15612 
15639 
15666 
15693 
15720 
15746 
15773 
15800 
15827 
15854 
15881 
16908 
15935 
15962 
15989 
16016 
16043 
16070 
16097 
16124 
16151 
16178 
16205 
16232 
16260 
16287 
16314 
16341 
16368 
16395 
16422 
16449 
16476 
16503 
16530 
16558 
16586 
16612 
16639 
16666 
16693 
16720 
16748 
16775 
16802 
16829 
16856 
16883 
16911 
16938 
16965 
16992 
17020 
17047 
17074 
17101 



Dl" M 



0.45 
,45 
45 
45 
45 
45 
,45 
45 
45 
,45 
,46 
,45 
,45 
45 
45 
45 
,45 
45 
45 
45 
45 
.45 
,45 
.45 
.45 
45 
46 
45 
.45 
,45 
.45 
.45 
.45 
.46 
45 
,46 
45 
,45 
.45 
.45 
.45 
,45 
.45 
45 
.45 
.45 
45 
.45 
.45 
.46 
.46 
45 
45 
45 
45 
45 
45 
,45 
,45 
,45 



M. (Joslue. DF Cotniig. DI" M. 

"66 Si" 



96° 



TABLE IV.— LOGARITHMIC 



5r» 



M. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Si no. 

1.91857 
91866 
91874 
91883 
91891 
91900 
91908 
91917 
91925 
91934 
91942 

1.91951 
91959 
91968 
91976 
91985 
91993 



92010 
92018 
92027 
.92035 
92044 
92052 
92060 
92069 
92077 
92086 
92094 
92102 
92111 
.92119 
92127 
92136 
92144 
92152 
92161 
92169 
92177 
92186 
92194 
.92202 
92211 
92219 
92227 
92235 
92244 
92252 
92260 
92269 
92277 
.92285 
92293 
92302 
92310 
92318 
92326 
92335 
92343 
92351 
92359 



Dl" Taii«. 



0.14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 



10.17101 
17129 
17156 
17183 
17210 
17238 
17265 
17292 
17319 
17347 
17374 

10.17401 
17429 
17456 
17483 
17511 
17538 
17565 
17593 
17620 
17648 

10.17675 
17702 
17730 
17757 
17785 
17812 
17839 
17867 
17894 
17922 

10.17949 
17977 
18004 
18032 
18059 
18087 
18114 
18142 
18169 
18197 

10.18224 
18252 
18279 
18307 
18334 
18362 
18389 
18417 
18444 
18472 

10.18500 
18527 
18555 
18582 
18610 
18638 
18665 
18693 
18721 
18748 



Dl" 



0.45 
.45 
.45 
45 
.45 
45 
45 
,45 
46 
46 
,46 
46 
46 
,46 
,46 
.46 
46 
46 
46 
46 
46 
46 
46 
46 
,46 
46 
46 
46 
.46 
46 
46 
46 
46 
,46 
46 
46 
46 
,46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
,46 
46 
,46 
,46 
46 
46 
.46 
46 
46 
46 
46 
46 
46 



M. Cosine. Dl" Ootang. Dl" M. M. Cosine. | Dl" Cotang. 



M. 



Sine. Dl" Tang. 



9.92359 
92367 
92376 

.92384 
92392 
92400 
92408 
92416 
92425 
92433 
92441 

9.92449 
92457 
92465 
92473 
92482 
92490 
92498 
92506 
92514 
92522 

9.92530 
92538 
92546 
92555 
92563 
92571 
92579 
92587 
92595 
92603 

9.92611 
92619 
92627 
92635 
92643 
92651 
92659 
92667 
92675 
92683 

9.92691 
92699 
92707 
92715 
92723 
92731 
92739 
92747 
92755 
92763 

9.92771 
92779 
92787 
92795 
92803 
92810 
92818 
92826 
928.34 
92842 



0.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.14 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.18 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 



10.18748 
18776 
18804 
18831 
18859 
18887 
18914 
18942 
18970 
18997 
19025 

10.19053 
19081 
19108 
19136 
19164 
19192 
19219 
19247 
19275 
19303 

10.19331 
19358 
19386 
19414 
19442 
19470 
19498 
19526 
19553 
19581 

10.19609 
19637 
19665 
19693 
19721 
19749 
19777 
19805 
19832 
19860 

10.19888 
19916 
19944 
19972 
20000 
20028 
20056 
20084 
20112 
20140 

10.20168 
20196 
20224 
20253 
20281 
20309 
20337 
20365 
20393 
20421 



Dl" 

0.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 

Dl" 



60 
59 
58 
67 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 



21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



M. 



83" 



56 



82° 



58<> 



SINES AND TANGENTS. 



Sl»^ 



Sine. Dl- 



).92842 
92850 
92858 
92866 
92874 
928Q1 
92889 
92897 
92905 
92913 
92921 

).92929 





1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

M. C'usiue. 



92944 
92952 
92960 
92968 
92976 
92983 
92991 
92999 

L93007 
93014 
93022 
93030 
9303a 
93046 
93053 
93061 
93069 
93077 

1.93084 
93092 
93100 
93108 
93115 
93123 
93131 
93138 
93146 
93154 

1.93161 
93169 
93177 
93184 
93192 
93200 
93207 
93215 
93223 
93230 

L93238 
93246 
93253 
93261 
93269 
93276 
93284 
93291 
93299 
93307 



0.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 



Tang. 



10. 



10, 



10, 



10, 



10, 



10 



20421 
20449 
20477 
20505 
20534 
20562 
20590 
20618 
20646 
20674 
20703 
20731 
20759 
20787 
20815 
20844 
20872 
20900 
20928 
20957 
20985 
21013 
21041 
21070 
21098 
21126 
21155 
21183 
21211 
21240 
21268 
21296 
21325 
21353 
21382 
21410 
21438 
21467 
21495 
21524 
21552 
21581 
21609 
21637 
21666 
21694 
21723 
21751 
21780 
21808 
21837 
21865 
21894 
21923 
21951 
21980 
22008 
22037 
22065 
22094 
22123 



Ootang. in 



1)1" M 



0.47 
.47 
.47 

.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 



M. 



Sine. 



9.93307 
93314 
93322 
93329 
93337 
93344 
93352 
93360 
93367 
93375 
93382 

9.93390 
93397 
93405 
93412 
93420 
93427 
93435 
93442 
93450 
93457 

9.93465 
93472 
'93480 
93487 
93495 
93502 
93510 
93517 
93525 
93532 

9.93539 
93547 
93554 
93562 
93569 
93577 
93584 
93591 
93599 
93606 

9.93614 
93621 
93628 
93636 
93643 
93650 
93658 
93665 
93673 
93680 

9.93687 
93695 
93702 
93709 
93717 
93724 
93731 
93738 
93746 
937a3 



Dl" 



0.13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 



Tang. 



10.22123 
22151 
22180 
22209 
22237 
22266 
22294 
22323 
22352 
22381 
22409 

10.22438 
22467 
22495 
22524 
22553 
22582 
22610 
22639 
22668 
22697 

10.22726 
22754 
22783 
22812 
22841 
22870 
22899 
22927 
22956 



10.23014 
23043 
23072 
23101 
23130 
23159 
23188 
23217 
23246 
23275 

10.23303 
23332 
23361 
23391 
23420 
23449 
23478 
23507 
23536 
23565 

10.23594 
23623 
23652 
23681 
23710 
23739 
23769 
23798 
23827 
23856 



ai° 



M. M. (\)sine. Di" Cotan<<. 
57 



Dl" 

0.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.48 
.49 
.49 
.49 
.49 
.49 
.49 
.49 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



M. 
~305 



M^ 



TABLE IV.— LOGARITHMIC 



ex° 



M. Slue. Di" Tsing. 


1 



3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 



30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
62 
53 
54 
55 
56 
57 
58 
59 
60 



9.93753 
93760 
93768 
93775 
93782 
93789 
93797 
93804 
93811 
93819 
93826 

9.93833 
93840 
93847 
93855 
93862 
93869 
93876 
93884 
93891 
93898 

9.93905 
93912 
93920 
93927 
93934 
93941 
93948 
93955 
93963 
93970 

9.93977 
93984 
93991 
93998 
91005 
94012 
94020 
94027 
94034 
94041 

9.94048 



0.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
i .12 
12 
12 

94055, '\l 

.12 



94062 
94069 
94076 
94083 
94090 
94098 
94105 
94112 
9.94119 
94126 
94133 
94140 
94147 
94154 
94161 
94168 
94175 
94182 



.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 



10.23856 
23885 
23914 
23944 
23973 
24002 
24031 
24061 
24090 
24119 
24148 

10.24178 
24207 
24236 
24265 
24295 
24324 
24353 
24383 
24412 
24442 

10.24471 
24500 
245.30 
24559 
24589 
24618 
24647 
24677 
24706 
24736 

10.24765 
24795 
24824 
24854 
24883 
24913 
24942 
24972 
25002 
25031 

10.25061 
25090 
25120 
25149 
25179 
25209 
25238 
25268 
25298 
25327 

10.25357 
25387 
25417 
25446 
25476 
25506 
25535 
25565 
25595 
25625 



1)1" 

0.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.49 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 



M. M. Sino. 1)1" Tang. Dl" M. 



M. 


M. 


6G 





59 


1 


58 


2 


57 


3 


56 


4 


55 


5 


54 


6 


53 


7 


52 


8 


51 


9 


50 


10 


49 


11 


48 


12 


47 


13 


46 


14 


45 


15 


44 


16 


43 


17 


42 


18 


41 


19 


40 


20 


39 


21 


38 


22 


37 


23 


36 


24 


35 


25 


34 


26 


33 


27 


32 


28 


31 


29 


30 


30 


29 


31 


28 


32 


27 


33 


26 


34 


25 


35 


24 


36 


23 


37 


22 


38 


21 


39 


20 


40 


19 


41 


18 


42 


17 


43 


16 


44 


15 


45 


14 


46 


13 


47 


12 


48 


11 


49 


10 


50 


9 


51 


8 


52 


7 


53 


6 


51 


5 


55 


4 


56 


3 


57 


2 


58 


1 


59 





60 


M. 


M. 



.94182 
94189 
94196 
94203 
94210 
94217 
94224 
94231 
94238 
94245 
94252 

1.94259 
94266 
94273 
94279 
94286 
94293 
94300 
94307 
943141 
94321 

1.94328 
94335 
94342 
94349 
94355 
94362 
94369 
94376 
94383 
94390 

1.94397 
94404 
94410 
94417 
94424 
94431 
94438 
94445 
94451 
94458 

1.94465 
94472 
94479 
94485 
94492 i 
94499 
94506 
94513 
94519 
94526 

1.94533 
94540 
94546 
94553 
94560 
94567 
94573 
94580 
94587 
94593 



10.25625 
25655 
25684 
26714 
25744 
25774 
25804 
25834 
26863 
25893 
25923 

10.25953 
25983 
26013 
26043 
26073 
26103 
26133 
26163 
26193 
26223 

10.26253 
26283 
26313 
26343 
26373 
26403 
26433 
26463 
26493 

• 26524 

10.26554 
26584 
26614 
26644 
26674 
26705 
26735 
26765 
26795 
26825 

10.26856 
26886 
26916 
26946 
26977 
27007 
27037 
27068 
27098 
27128 

10.27159 
27189 
27220 
27250 
27280 
27311 
27341 
27372 
27402 
27433 



0.50 
60 
50 
50 
50 
50 
60 
60 
60 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 



CosiiHv Dl" Cotang. Dl" M. M. CoKiiie. Dl" Cotang. Dl 
"68" 



60 
69 
58 
57 
66 
55 
54 
53 
52 
61 
50 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 



27 

26 

26 

24 

23 

22 

21 

20 

19 

18 

17 

16 

16 

14 

13 

12 

11 

10 

9 

8 

7 

6 

6 

4 

3 

2 

1 





M. 



e^ 



SINES AND TANGENTS. 



M*" 



M. 





1 

2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
62 
53 
54 
55 
56 
57 
58 
59 
60 



SiiH! 



.94593 
94600 
94607 
94614 
94620 
94627 
94634 
94640 
94647 
94654 
94660 

.94667 
94674 
94680 
94687 
94694 
94700 
94707 
94714 
94720 
94727 

.94734 
94740 
94747 
94753 
94760 
94767 
94773 
94780 
94786 
94793 

.94799 
94806 
94813 
94819 
94826 
94832 
94839 
94845 
94852 
94858 

.94865 
94871 
94878 
94885 
94891 
94898 
94904 
94911 
94917 
94923 

.94930 
94936 
94943 
94949 
94956 
94962 
94969 
94975 
94982 
94988 



M. Cosine. I)i' 



1)1" 



Tang. Dl" M 

10.27433 

27463 

27494 

27524 

27555 

27585 

27616 

27646 

27677 

27707 

27738 
10.27769 

27799 

27830 

27860 

27891 

27922 

27952 

27983 

28014 

28045 
10.28075 

28106 

28137 

28167 

28198 

28229 

28260 

28291 

28321 

28352 
10.28383 

28414 

28443 

28476 

28507 

28538 

28569 

28599 

28630 

28661 
10.28692 

28723 

28754 

28785 

28816 

28847 

28879 

28910 

28941 

28972 
10.29003 

29034 

29065 

29096 

29127 

29159 

29190 

29221 

29252 

29283 



0.51 
51 
51 
51 
51 
51 
51 
51 
51 
,51 
51 
51 
51 
,51 
,51 
51 
51 
51 
,51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
,52 
52 
52 
52 
52 
52 
52 
52 



Ootang. I Dl" M 



M. Sine. 



9.94988 
94995 
95001 
95007 
95014 
95020 
95027 
95033 
95039 
95046 
95052 

9.95059 
95065 
95071 
95078 
95084 
95090 
95097 
95103 
95110 
95116 

9.95122 
95129 
95135 
95141 
95148 
95154 
95160 
95167 
95173 
95179 

9.95185 
95192 
95198 
95204 
95211 
95217 
95223 
95229 
95236 
95242 

9.95248 
95254 
95261 
95267 
95273 
95279 
95286 
95292 
95298 
95304 

9.95310 
95317 
95323 
95329 
95335 
95341 
95348 
95354 
95360 
95366 



Tang. 



10 



10 



10. 



10 



lO.i 



10.; 



.29283 
29315 
29346 
29377 
29408 
29440 
29471 
29502 
29534 
29565 
29596 
,29628 
29659 
29691 
29722 
29753 
29785 
29816 
29848 
29879 
29911 
,29942 
29974 
30005 
30037 
30068 
30100 
30132 
30163 
30195 
30226 
30258 
30290 
.30321 
30353 
30385 
30416 
30448 
30480 
30512 
30543 
30575 
30607 
30639 
30671 
30702 
30734 
30766 
30798 
30830 
30862 
,30894 
30926 
30958 
30990 
31022 
31054 
31086 
31118 
31150 
.31182 



Coaine. Dl" Cotang. Dl" M 



Dl" 



0.52 
.52 
.52 
.52 
.52 
.52 
.52 
.62 
.52 
.52 
.52 
.52 
.52 
.52 
.h2 
.52 
.52 
.52 
.52 
.52 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 

.r>3 

.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 
.53 



60 
69 
68 
57 
66 
65 
54 
63 
62 
51 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




»r> 



59 



M<» 



TABLE IV.— LOGARITHMIC 



W 



Sine. Dl' 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



1.95366 
95372 
95378 
95384 
95391 
95397 
95403 
95409 
95415 
95421 
95427 

1.95434 
95440 
95446 
95452 
95458 
95464 
95470 
95476 
95482 
95488 

1.95494 
95500 
95507 
95513 
95519 
95525 
95531 
95537 
95543 
95549 

1.95555 
95561 
95567 
95573 
95579 
95585 
95591 
95597 
95603 
95609 

1.95615 
95621 
95627 
95633 
95639 
95645 
95651 
95657 
95663 
95668 

1.95674 
95680 
95686 
95692 
95698 
95704 
95710 
95716 
95722 
95728 



Cosine. 



0.10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 



Taug. 



10.31182 
31214 
31246 
31278 
31310 
31342 
31374 
31407 
31439 
31471 
31503 

10.31535 
31568 
31600 
31632 
31664 
31697 
31729 
31761 
31794 
31826 

10.31858 
31891 
31923 
31956 
3I98S 
32020 
32053 
320S5 
.32118 
32150 

10.32183 
32215 
32248 
32281 
32313 
32346 
32378 
32411 
32444 
32476 

10.:{2509 
32542 
32574 
32607 
32640 
32673 
32705 
32738 
32771 
32804 

10.328:{7 
32869 
32902 
32935 
32968 

• 33001 
33034 
33067 
33100 

10.33133 



Dl" Cotiiuj;. 



1)1" 



M. M. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
U 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



.95728 
95733 
95739 
96746 
95761 
95767 
96763 
95769 
95776 
95780 
95786 
.95792 
95798 
95804 
96810 
95815 
95821 
95827 
95833 
95839 
95844 
.95850 
95856 
95862 
96868 
96873 
95879 
95885 
95891 
96897 
95902 
.95908 
95914 
95920 
95926 
96931 
95937 
95942 
95948 
95954 
95960 
.95965 
95971 
96977 
95982 
95988 
95994 
96000 
96005 
96011 
96017 
.96022 
96028 
96034 
96039 
96045 
96050 
96056 
96062 
96067 
96073 



M. Cosino. 



Dl" 

0.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 

1)1" 



Tang. 




33265 
33298 
33331 
33364 
33397 
33430 
33463 

10.33497 
33530 
33563 
33596 
33629 
33663 
83696 
38729 
33762 
33796 

10.33829 
33862 
- 33896 
33929 
33962 
33996 
34029 
34063 
34096 
34130 

10.34163 
34197 
34230 
34264 
34297 
34331 
34364 
34398 
34432 
34465 

10.34499 
.34533 
34566 
34600 
34634 
34667 
34701 
34736 
34769 
34803 

10. .34836 
34870 
34904 
34938 
34972 
35006 
35040 
35074 
35108 
35142 



CotailK. 



DP 



0.55 
.56 
.55 
.55 
.66 
.66 
.56 
.56 
.55 
.65 
.66 
.66 
.65 
.65 
.55 
.55 
.65 
.55 
.66 
.56 
.66 
.56 
.66 
.66 
.56 
.56 
.56 
.56 
.56 
.66 
.66 
.56 
.56 
.56 
.56 
.56 
.56 
.56 
.66 
.66 
.66 
.56 
.66 
.66 
.56 
.56 
.56 
.56 
.66 
.66 
.56 
.56 
.56 
.56 
.67 
.67 
.57 
.57 
.57 
.57 



25° 



HO 



60 
69 
68 
67 
56 
65 
64 
63 
52 
61 
60 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
26 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




24<> 



66'' 



SINES AND. TANGENTS. 



W 




1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



2S° 



Sine. 

1.96073 
96079 
96084 
96090 
96095 
96101 
96107 
96112 
96118 
96123 
96129 

>.96135 
96140 
96146 
96151 
96157 
96162 
96168 
96174 
96179 
96185 

K96190 
96196 
96201 
96207 
96212 
96218 
96223 
96229 
96234 
96240 

).96245 
96251 
96256 
96262 
96267 
96273 
96278 
96284 
96289 
96294 

).96300 
96305 
96311 
96316 
96322 
96327 
96333 
96338 
96343 
96349 

).96354 
96360 
96365 
96370 
96376 
96381 
96387 
96392 
96397 
96403 



DP Tang. 



0.09 
09 
09 
09 
09 
09 
,09 
09 
09 
09 
09 
09 
09 
09 
,09 
,09 
,09 
,09 
09 
09 
09 
09 
09 
,09 
09 
09 
09 
,09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
09 
,09 
09 
09 
09 
09 
09 
09 
,09 
09 
,09 1 
,09' 
,09 
09 
09 
09 
,09 
,09 
09 
09 
09 



10. 



10.; 



10 



10 



10 



10 



35142 

35176 

35210 

35244 

35278 

35312 

35.346 , 

35380 I 

35414 I 

35448 1 

35483 . 

35517 

35551 

35585 

35619 

35654 

35688 

35722 

35757 

35791 

35825 

,35860 

35894 

35928 

35963 

35997 

36032 

36066 

36101 

36135 

36170 

,36204 

36239 

36274 

36308 

36343 

56377 t 

36412 

36447 

36481 

36516 

,36551 

36586 

36621 

36655 I 

36690 ' 

36725 I 

36760 

36795 

36830 ' 

3()865 

36899 ' 

36934 

36969 

37004 

37039 

37074 

37110 

37145 

37180 

37215 



Cosine. Dl" Cotang. Dl" 



Dl" 

0.57 
.57 
.57 
.57 

.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.57 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.58 
.59 



M. 


M. 


60 





59 


1 


58 


2 


57 


3 


56 


4 


55 


5 


54 


6 


53 


7 


52 


8 


51 


9 


50 


10 


49 


11 


48 


12 


47 


13 


46 


14 


45 


15 


44 


16 


43 


17 


42 


18 


41 


19 


40 


20 


39 


21 


38 


22 


37 


23 


36 


24 


35 


25 


34 


26 


33 


27 


32 


28 


31 


29 


30 


30 


29 


31 


28 


32 


27 


33 


26 


34 


25 


35 


24 


36 


23 


37 


22 


38 


21 


39 


20 


40 


19 


41 


18 


42 


17 


43 


16 


44 


15 


45 


14 


46 


13 


47 


12 


48 


11 


49 


10 


50 


9 


51 


8 


52 


7 


53 


6 


54 


6 


55 


4 


56 


3 


57 


2 


58 


1 


59 





60 


M. 


M. 



0.09 
09 



10. 



10.; 



10 



Sine. 1 Dl" Tang. Dl" M. 

9.96403 

96408 

96413 

96419 

96424 

96429 

96435 

96440 

96445 

96451 

96456 
9.96461 

96467 

96472 

96477 

96483 

96488 

96493 

96498 

96504 

96509 
9.96514 

96520 

96525 

96530 

96535 

96541 

96546 

96551 

96556 

96562 
9.96567 

96572 

96577 

96582 

96588 

96593 

96598 

96603 

96608 

96614 
9.96619 

96624 

96629 

96634 

96640 

96645 

96650 

96655 

96660 

96665 
9.96670 

96676 

96681 

96686 

96691 

96696 

96701 

96706 

96711 

96717 



09 

,09 

,09 

,09 

09 

09 

09, 

091 

09 

09 

09 

09 

09 

09 

,09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 Trt 

09 1 ^^ 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 

09 



10.; 



('t)«iMc. 1)1" Cotang, 



10. 



37215 
37250 
37285 
37320 
37355 
37391 
37426 
37461 
37496 
37532 
37567 
37602 
37638 
37673 
37708 
37744 
37779 
37815 
37850 
37886 
37921 
37957 
37992 
38028 
38064 
38099 
38135 
38170 
38206 
38242 
38278 
38313 
38349 
38385 
38421 
38456 
38492 
38528 
38564 
38600 
38636 
,38672 
38708 
38744 
38780 
38816 
38852 
388.88 
38924 
38960 
38996 
,39033 
39069 
39105 
39141 
39177 
39214 
39250 
39286 
39323 
39359 



0.59 
.59 
.59 
.69 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.59 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.61 
.61 
.61 

DP 



61 



M, 



TABLE IV.— LOGARITHMIC 



M. Sine. Dl" Taug. 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



1.96717 
96722 
96727 
96732 
96737 
96742 
96747 
96752 
96757 
96762 
96767 

1.96772 
96778 
96783 
96788 
96793 
96798 
96803 
96808 
96813 
96818 

'.96823 
96828 
96833 
9r)838 
96843 
96848 
96853 
96858 
96863 
96868 

1.96873 
96878 
96883 
96888 
96893 
96898 
96903 
96907 
96912 
96917 

1.96922 
96927 
96932 
96937 
96942 
96947 
96952 
96957 
96962 
96966 

1.96971 
96976 
96981 
96986 
96991 
96996 
97001 
97005 
97010 
97015 



0.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 



10.39359 
39395 
39432 
39468 
39505 
39541 
39578 
39614 
39651 
39687 
39724 

10.39760 
39797 
39834 

. 39870 
39907 
39944 
39981 
40017 
40054 
40091 

10.40128 
40165 
40201 
40238 
40275 
40312 
40349 
40386 
40423 
40460 

10.40497 
40534 
40571 
40609 
40646 
40683 
40720 
40757 
40795 
40832 

10.40869 
40906 
40944 
40981 
41019 
41056 
41093 
41131 
41168 
41206 

10.41243 
41281 
41319 
41356 
41394 
41431 
41469 
41507 
41545 
41582 



Di" 



0.61 
,61 
61 
,61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
,61 
61 
61 
61 
61 
61 
61 
61 
61 
61 
62 
,62 
62 
.62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
,62 
62 
62 
62 
62 
62 
62 
62 
62 
62 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 
63 



21° 



M. Cosine. Dl" Cotang. Dl" M. M. Cosine 

"62" 



Sine. I Dr Tang. Dl" 



.97015 
97020 
97025 
97030 
97035 
97039 
97044 
97049 
97054 
97069 
97063 

.97068 
97073 
97078 
97083 
97087 
97092 
97097 
97102 
97107 
97111 

.97116 
97121 
97126 
97130 
97135 
97140 
97145 
97149 
97154 
97159 

.97163 
97168 
97173 
97178 
97182 
97187 
97192 
97196 
97201 
97206 

.97210 
97215 
97220 
97224 
97229 
972.34 
97238 
97243 
97248 
97252 

.97257 
97262 
97266 
97271 
97276 
97280 
97285 
97289 
97294 
97299 



0.08 
,08 
08 
,08 
08 
,08 
,08 
,08 
,08 
,08 
,08 
08 
08 
08 
08 
,08 
,08 
08 
08 
,08 
,08 
08 
08 
,08 
08 
08 
08 
08 
08 
08 
08 
08 
,08 
,08 
,08 
,08 
,08 
08 
08 
,08 
,08 
,08 
,08 
08 
08 
08 
,08 
08 
08 
08 
,08 
08 
.08 
,08 
08 
,08 
,08 
08 
,08 
08 



10.41582 
41620 
41658 
41696 
41733 
41771 
41809 
41847 
41885 
41923 
41961 

10.41999 
42037 
42075 
42113 
42151 
42190 
42228 
42266 
42304 
42342 

10.42381 
42419 
42457 
42496 
42534 
42572 
42611 
42649 
42688 
42726 

10.42765 
42803 
42842 
42880 
42919 
42958 
42996 
43035 
43074 
43113 

10.43151 
43190 
43229 
43268 
43307 
43346 
43385 
43424 
43463 
43502 

10.43541 
43580 
43619 
43658 
43697 
43736 
43776 
43815 
43854 
43893 



c;otang. Dl" M. 



60 
59 
58 
57 
56 
55 
64 
63 
52 
61 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
26 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
% 
6 
4 
3 
2 
1 




2ir> 



to« 



SINES AND TANGENtS. 



7r 





1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

n 

12 
\:i 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Z7 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



1»° 



iSiiie. 



1.97299 
97303 
97308 
97312 
97317 
97322 
97326 
97331 
97335 
97340 
97344 

1.97349 
97353 
97358 
97363 
97367 
97372 
97376 
97381 
97385 
97390 

1.97394 
97399 
97403 
97408 
97412 
97417 
97421 
97426 
97430 
97435 

1.97439 
97444 
97448 
97453 
97457 
97461 
97466 
97470 
97475 
97479 

1.97484 
97488 
97492 
97497 
97501 
97506 
97510 
97515 
97519 
97523 

1.97528 
97532 
97536 
97541 
97545 
97550 
97554 
97558 
97563 
97567 



Di" 



0.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 



Tang. 



10, 



10 



10 



10 



10, 



43893 
43933 
43972 
44011 
44051 
44090 
44130 
44169 
44209 
44248 
44288 
.44327 
44367 
44407 
44446 
44486 
44526 
44566 
44605 
44645 
44685 
.44725 
44765 
44805 
44845 
44885 
44925 
44965 
45005 
45045 
45085 
,45125 
45165 
45206 
45246 
45286 
45327 
45367 
45407 
45448 
45488 
45529 
45569 
45610 
45650 
45691 
45731 
45772 
45813 
45853 



10 



45891 
,45935 
45975 
46016 
460571 
46098 
46139 
46180 
46221 
46262 
46303 



0.66 
66 
,66 
66 
66 
,66 
,66 
,66 
,66 
,66 
,66 
.66 
,66 
,66 
,66 
,66 
,66 
,66 
,66 
66 
66 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
,68 
68 
,68 
68 
68 
68 



Sine. DI" TauK. Dl" M 



1 9.97567 
97571 
97576 
97580 
97584 
97589 
97593 
97597 
97602 
97606 
97610 

9.97615 
97619 
97623 
97628 
97632 
97636 
97640 
97645 
97649 
97653 

9.97657 
97662 
97666 
97670 
97674 
97679 
97683 
97687 
97691 
97696 

9.97700 
97704 
97708 
97713 
97717 
97721 
97725 
97729 
97734 
97738 

9.97742 
97746 
97750 
97754 
97759 
97763 
97767 
97771 
97775 
97779 

9.97784 
97788 
97792 
97796 
97800 
97804 
97808 
97812 
97817 
97821 



0.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 



10.46303 
46344 
46385 
46426 
46467 
46508 
46550 
46591 
46632 
46673 
46715 

10.40756 
46798 
46839 
46880 
46922 
46963 
47005 
47047 
47088 
47130 

10.47171 
47213 
47255 
47297 
47339 
47380 
47422 
47464 
47506 
47548 

10.47590 
47632 
47674 
47716 
47758 
47800 
47843 
47885 
47927 
47969 

10.48012 
48054 
48097 
48139 
48181 
48224 
48266 
48309 
48352 
48394 

10.48437 
48480 
48522 
48565 
48608 
48651 
48694 
48736 
48779 
48822 



Cosine. Dl" Ootang. Dl" M. M. Cosine. Dl" Cotung, Dl" 
63 



0.68 
.68 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.69 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 

'.70 
.70 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.72 
.72 
.72 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
38 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




18<» 



tn^ 



f ABLE tV.— LOGARtTHMtC 



yjrb 




1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

M. 



Sine. m" Tang. Dl" 31 



.98690 
98694 
98697 
98700 
98703 
98706 
98709 
98712 
98715 
98719 
98722 

.98725 
98728 
98731 
98734 
98737 
98740 
98743 
98746 
98750 
98753 

.98756 
98759 
98762 
98765 
98768 
98771 
98774 
98777 
98780 
98783 

.98786 
98789 
98792 
98795 
98798 
98801 
98804 
98807 
98810 
98813 

.98816 
98819 
98822 
98825 
98828 
98831 
98834 
98837 
98840 
98843 

.98846 
98849 
98852 
98855 
98858 
98861 
98864 
98867 
98869 
98872 



0.05 
05 
05 
05 
05 
05 
05 
05 
05 
,05 
05 
,05 
,05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
05 
,05 
,05 
05 
05 
05 
05 
05 
05 
,05 
,05 
,05 
05 
,05 
05 
05 
05 
,05 
,05 
05 
05 
,05 
05 
05 
,05 
,05 
05 
05 
05 
,05 
05 
05 



Cosine. 1)1" ('otans:. 



10.60323 
60377 
60431 
60485 
60539 
60593 
60647 
60701 
60755 
60810 
60864 

10.60918 
60973 
61028 
61082 
61137 
61192 
61246 
61301 
61356 
61411 

10.61466 
61521 
61577 
61632 
61687 
61743 
61798 
61853 
61909 
61965 

10.62020 
62076 
62132 
62188 
62244 
62300 
62356 
62412 
62468 
62524 

10.62581 
62637 
62694 
62750 
62807 
62863 
62920 
62977 
63034 
63091 

10.63148 
63205 
63262 
63319 
63376 
63434 
63491 
63548 
63606 
63664 



0.90 
90 
90 
90 
90 
90 
90 
,90 
91 
91 
91 
91 
91 
91 
91 
91 
91 
91 
92 
92 
92 
,92 
,92 
,92 
92 
92 
92 
98 
93 
93 
93 
93 
93 
93 
93 
93 
93 
94 
94 
94 
94 
94 
,94 
94 
94 
94 
95 
95 
95 
,95 
95 
95 
95 
95 
95 
96 
96 
96 
96 
96 



M. 



Sine. 



.98872 
98875 
98878 
98881 
98884 
98887 
98890 
98893 
98896 
98898 
98901 

.98904 
98907 
98910 
98913 
98916 
98919 
98921 
98924 
98927 
98930 

.98933 
98936 
96938 
98941 
98944 
98947 
98950 
98953 
98955 
98958 

.98961 
98964 
98967 
98969 
98972 
98975 
98978 
98980 
98983 
98986 

.98989 
98991 
98994 
98997 
99000 
99002 
99005 
99008 
99011 
99013 

.99016 
99019 
99022 
99024 
99027 
99030 
99032 
99035 
99038 
99040 



Cosine. 



1)1" 

0.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05- 
.05 
.04 
.04 
.04 



Tang. Dl" U. 



10.63664 
63721 
63779 
63837 
63895 
63953 
64011 
64069 
64127 
64185 
64243 

10.64302 
64360 
64419 
64477 
64536 
64595 
64653 
64712 
64771 
64830 

10.64889 
64949 
65008 
65067 
65126 
65186 
65245 
65305 
65365 
65424 

10.65484 
65544 
65604 
65664 
65724 
65786 
65845 
65905 
65966 
66026 

10.66087 
66147 
66208 
66269 
66330 
66391 
66452 
66513 
66574 
66635 

10.66697 
66758 
66820 
66881 
66943 
67005 
67067 
67128 
67190 
67253 



(\)tang. 



0.96 
.96 
.96 
.96 
.97 
.97 
.97 
.97 
.97 
.97 
.97 
.97 
.98 
.98 
.98 



.98 

.98 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

.99 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.01 

l.Ol 

1.01 

1.01 

1.01 

1.01 

1.01 

1.01 

1.02 

1.02 

1.02 

1.02 

1.02 

1.02 

1.02 

1.03 

1.03 

1.03 

1.03 

1.03 

1.03 

1.03 

1.03 



60 
59 
58 
57 
56 
65 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




IS° 



66 



ia<» 



7*° 



SINES AND tAiJGMTl 



79« 





1 

2 
3 
4 
5 
6 

r 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
.38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. 



1.99040 
99043 
99046 
99048 
99051 
99054 
99056 
99059 
99062 
99064 
99067 

1.99070 
99072 
99075 
99078 
99080 
99083 
99086 
99088 
99091 
99093 

1.99096 
99099 
99101 
99104 
99106 
99109 
99112 
99114 
99117 
99119 

1.99122 
99124 
99127 
99130 
99132 
99135 
99137 
99140 
99142 
99145 

(.99147 
99150 
99152 
99155 
99157 
99160 
99162 
99165 
99167 
99170 

1.99172 
99175 
99177 
99180 
99182 
99185 
99187 
99190 
99192 
99195 



Dl" 



0.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 



M. Cosine. PI" Cotang. Dl" 



10, 



10 



TaiiK- 

107253 
673151 
67377 
67439 
67502 
67564 
67627 
67689 
67752 
67815 
67878 
67941 
68004 
68067 
68130 
68194 
68257 
68321 
68384 
68448 
68511 
68575 
68639 
68703 
68767 
68832 
68896 
68960 
69025 
69089 
69154 
69218 
69283 
69348 
69413 
69478 
69543 
69609 
69674 
69739 
69805 
69870 
69936 
70002 
70068 
70134 
70200 
70266 
70332 
70399 
70465 
70532 
70598 
70665 
70732 
70799 
70866 
70933 
71000 
71067 
71135 



10 



10 



10, 



Sine. Dl" Tang. Dl" W 



9.99195 
99197 
99200 
99202 
99204 
99207 
99209 
99212 
99214 
99217 
99219 

9.99221 
99224 
99226 
99229 
99231 
99233 
99236 
99238 
99241 
99243 

9.99245 
99248 
99250 
99252 
99255 
99257 
99260 
99262 
99264 
99267 

9.99269 
99271 
99274 
99276 
99278 
99281 
99283 
99285 
99288 
99290 

9.99292 
99294 
99297 
99299 
99301 
99304 
99306 
99308 
99310 
99313 

9.99315 
99317 
99319 
99322 
99324 
99326 
9932F 
99331 
99333 
99335 



0.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.1)4 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 



10, 



10 



10 



10, 



10, 



10, 



.71135 
71202 
71270 
71338 
71405 
71473 
71541 
71609 
71677 
71746 
71814 
71883 
71951 
72020 
72089 
72158 
72227 
72296 
72365 
72434 
72504 
72573 
72643 
72712 
72782 
72852 
72922 
72992 
73063 
73133 
73203 
73274 
73345 
73415 
73486 
73557 
73628 
73699 
73771 
73842 
73914 
73985 
74057 
74129 
74201 
74273 
74345 
74418 
74490 
74563 
74635 
,74708 
74781 
74854 
74927 
75000 
75074 
75147 
75221 
75294 
75368 



Cosine, Dl" Cotang. Dl" 



1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.15 
1.15 
1.15 
1.15 
1.15 
1.16 
1.16 
1.16 
1.16 
1.16 
1.16 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.18 
1.18 
1.18 
1.18 
1.18 
1.19 
1.19 
1.19 
1.19 
1.19 
1.19 
1.20 
1.20 
1.20 
1.20 
1.20 
1.21 
1.21 
1.21 
1.21 
1.21 
1.21 
1.22 
1.22 
1.22 
1.22 
1.22 
1.23 
1.23 
1, 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




ll** 



67 



10° 



M^ 



TABLE IV.— LOOAKITHMIC 



siP 





1 

2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
56 
56 
67 
68 
69 
60 



Sine. DP Tang. DV M. 

.99335 ft ft. 10.75368 

99337 "ft* 75442 

99340 'II 75516 

99342 ft* 75590 

99344 -X* 75665 

99346 -ft* 75739 

99348 -ft* 75814 

99351 -ft* 75888 

99353 ft* 75963 

99355 -ft* 76038 

99357 ft* 76113 

.99359 -ft* 10.76188 

99362 -ft* 76263 

99364 -rr 76339 

99366 -^ 76414 

99368 -ft* 76490 

99370 •"* 76565 

99372 •"* 76641 

99375 -r* 76717 

99377 •"* 76794 

99379 ft* 76870 

.99381 -ft* 10.76946 

99383 ft* 77023 

99385 ft* 77099 

99388 ft* 77176 

99390 ft^ 77253 

99392 ft* 77330 

99394 ft^ 77407 

99396 ft* 77484 

99398 ft* 77562 

99400 -ft* 77639 

.99402 ft* 10.77717 

99404 ft* 77795 

99407 ft* 77873 

99409 fto 77951 

99411 -ft, 78029 

99413 ft^ 78107 

99415 -"^ 78186 

99417 -"^ 78264 

99419 -ft^ 78343 

99421 ft^ 78422 

.99423 -"^ 10.78501 

99425 •"; 78580 

99427 'll 78659 

99429 ft, 78739 

99432 -"'^ 78818 

99434 • , 78898 

99436 ft^ 78978 

99438 ft^ 79058 

99440 ft^ 79138 

99442 -ft^ 79218 

.99444 ft^ 10.79299 

99446 ft, 79379 

99448 ft^ 79460 

99450 ft^ 79541 

99452 -ftij 79622 

99454 -ft^ 79703 

99456 ft^ 79784 

99458 -ft^ 79866 

99460 ft^ 79947 

99462 •""* 80029 

Cotang. 



Cosine. 



M. 



Sine. DP Tang. DP M. 



).99462 

99464 

99466 

99468 

99470 

99472 

99474 

99476 

99478 

99480 

99482 
).99484 

99486 

99488 

99490 

99492 

99494 

99495 

99497 

99499 

99501 
».99503 

99505 

99507 

99509 

99511 

99513 

99515 

99517 

99518 

99520 
9.99522 

99524 

99526 

99528 

99530 

99532 

99533 

99535 

99537 

99539 
9.99541 

99643 

99646 

99546 

99548 

99550 

99552 

99554 

99556 

99557 
9.99559 

99561 

99563 

99565 

99566 

99568 

99570 

99572 

99574 

99576 

Cosine. Dl" Cotang, 



0.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 



10.80029 
80111 
80193 
80275 
80367 
80439 
80522 
80605 
80688 
80771 
80854 

10.80937 
81021 
81104 
81188 
81272 
81366 
81440 
81525 
81609 
81694 

10.81779 
81864 
81949 
82035 
82120 
82206 
82292 
82378 
82464 
82550 

10.82637 
82723 
82810 
82897 
82984 
83072 
83159 
83247 
83335 
83423 

i 0.83511 
83599 
83688 
83776 
83865 
83954 
84044 
84133 
84223 
84312 

10.84402 
84492 
84583 
84673 
84764 
84855 
84946 
85037 
85128 
85220 



1.36 
1.37 
1.37 
1.37 
1.37 
1.38 
1.38 
1.38 
1.38 
1.39 
1.39 
1.39 
1.39 
1.40 
1.40 
1.40 
1.40 
1.41 
1.41 
1.41 
1.41 
1.42 
1.42 
1.42 
1.43 
1.43 
1.43 
1.43 
1.44 
1.44 
1.44 
1.44 
1.45 
1.45 
1.45 
1.46 
1.46 
1.46 
1.46 
1.47 
1.47 
1.47 
1.48- 
1.48 
1.48 
1.48 
1.49 
1.49 
1.49 
1.50 
1.50 
1.50 
1.51 
1.51 
1.51 
1.51 
1.52 
1.52 
1.52 
1.63 

DP 



60 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
49 
48 
47 
46 
46 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




M. 



9^ 



68 



ss» 



SINES AND TANGENTS. 



9ap 





1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Sine. DF Tang. Dl" M. 



9.99575 
99577 
99579 
99581 
99582 
99584 
99586 
99588 
99589 
99591 
99593 

9.99595 
99596 
99598 
99600 
99601 
9960.3 
99605 
99607 
99608 
99610 

9.99612 
99613 
99615 
99617 
99618 
99620 
99622 
99624 
99625 
99627 

9.99629 
99630 
99632 
99633 
99635 
99637 
99638 
99640 
99642 
99643 

9.99645 
99647 
99648 
99650 
99651 
99653 
99655 
99656 
99658 
99659 

9.99661 
99663 
99664 
99666 
99667 
99669 
99670 
99672 
99674 
99675 

Cosine. 



1.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.0.3 
.03 
.03 
.03 
.03 



10.85220 
85312 
85403 
85496 
85588 
85680 
85773 
85866 
85959 
86052 
86146 

10.862.39 



86427 
86522 
86616 
86711 
86806 
86901 
86996 
87091 

10.87187 
87283 
87379 
87475 
87572 
87668 
87765 
87862 
87960 
88057 

10.88155 
88253 
88351 
88449 
88548 
88647 
88746 
88845 
88944 
89044 

10.89144 
89244 
89344 
89445 
89546 
89647 
89748 
89850 
89951 
90053 

10.90155 
90258 
90360 
90463 
90566 
90670 
90773 
90877 
90981 
91080 

Cotjing. 



1.53 
1.53 
1.54 
1.54 
1.54 
1.55 
1.55 
1.55 
1.55 
1.56 
1.56 
1.56 
1.57 
1.57 
1.57 
1.58 
1.58 
1.58 
1.59 
1.59 
1.59 
1.60 
1.60 
1.60 
1.61 
1.61 
1.61 
1.62 
1.62 
1.63 
1.63 
1.63 
1.64 
1.64 
1.64 
1.65 
1.65 
1.65 
1.66 
1.66 
1.67 
1.67 
1.67 
1.68 
1.68 
1.68 
1.69 
1.69 
1.70 
1.70 
1.70 
1.71 
1.71 
1.71 
1.72 
1.72 
1.73 
1.73 
1.73 
1.74 



60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




M. 





1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

r)8 

59 
60 



Cosiijo. 



Bine. Dl" Tang. | Dl" M. 

9.^675 rt rtQ 10.91086 

99677 "-"^ 91190 

99678 -"^ 91295 

99680 -"^ 91400 

99681 '^'l 91505 

99683 •", 91611 

99684 -"-^ 91717 

99686 'II 91823 

99687 '^'1 91929 

99689 '"^ 92036 

99690 -"^ 92142 
9.99692 -"^ 10.92249 

99693 •"•, 92357 

99695 -"'^ 92464 

99696 -"^ 92572 

99698 -"^ 92680 

99699 'li 92789 

99701 '"^ 92897 

99702 'li 93006 

99704 -"^ 93115 

99705 -"^ 93225 
9.99707 -"^ 10.93334 

99708 •^.i 93444 

99710 •"; 93555 

99711 '"^ 93665 

99713 '"^ 93776 

99714 -"^ 93887 

99716 •"; 93998 

99717 •"; 94110 

99718 '"it 94222 
99720 •"; 94334 

9.99721 -"^ 10.94447 

99723 '"^ 94559 

99724 •"; 94672 

99726 •"; 94786 

99727 •"; , 94899 

99728 •"; 95013 

99730 'li 95127 

99731 '"^ 95242 

99733 -"^ 95357 

99734 -"^ 95472 
9.99736 '"^ 10.95587 

99737 •"; 95703 

99738 '"^ 95819 

99740 '^i 95935 

99741 •"; 96052 

99742 -"^ 96168 

99744 -"^ 96286 

99745 • ; 96403 

99747 •"; 96521 

99748 •"; 96639 
9.99749 •"; 10.96758 

99751 -"^ 96876 

99752 '"^ 96995 

99753 -"^ 97115 

99755 •"; 97234 

99756 •":; 97355 

99757 •"; 97475 

99759 •"; "97596 

99760 -"^ 97717 

99761 -"^ 97838 

Co tang. 



1.74 
1.75 
1.75 
1.76 
1.76 
1.76 
1.77 
1.77 
1.78 
1.78 
1.78 
1.79 
1.79 
1.80 
1.80 
1.81 
1.81 
1.81 
1.82 
1.82 
1.83 
1.83 
1.84 
1.84 
1.85 
1.85 
1.86 
1.86 
1.86 
1.87 
1.87 
1.88 
1.88 
1.89 
1.89 
1.90 
1.90 
1.91 
1.91 
1.92 
1.92 
1.93 
1.93 
1.94 
1.94 
1.95 
1.95 
1.96 
1.96 
1.97 
1.97 
1.98 
1.98 
1.99 
2.00 
2.00 
2.01 
2.01 
2.02 
2.02 

ISv' 



60 
59 
68 
67 
66 
65 
54 
63 
62 
61 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


M. 



S. N. 40. 



69 



M<> 



TABLE IV.—LOGARITHMIC 



M. 

T 
1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Siue. 



1.99761 
99763 
99764 
99766 
99767 
99768 
99769 
99771 
99772 
99773 
99775 

).99776 
99777 
99778 
99780 
99781 
99782 
99783 
99785 
99786 
99787 

1.99788 
99790 
99791 
99792 
99793 
99796 
99796 
99797 
99798 
99800 

K99801 
99802 
99803 
99804 
99806 
99807 
99808 
99809 
99810 
99812 

).99813 
99814 
99816 
99816 
99817 
99819 
99820 
99821 



99823 
h99824 
99825 
99827 
99828 
99829 
99830 
99831 
99832 
99833 
99834 



Cosine. Dl' 



DV 



0.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 



Tang. 



10.97838 
97960 
98082 
98204 
98327 
98450 
98573 
98697 
98821 
98945 
99070 

10.99195 
99321 
99447 
99573 
99699 
99826 
99954 

11.00081 
00209 
00338 

11.00466 
00595 
00725 
00855 
00985 
01116 
01247 
01378 
01510 
01642 

11.01775 
01908 
02041 
02175 
02309 
02444 
02579 
02715 
02850 
02987 

11.03123 
03261 
03398 
03536 
03675 
03813 
03953 
04092 
04233 
04373 

11.04514 
04656 
04798 
04940 
05083 
05227 
05370 
05515 
05660 
05805 



Cotang. Dl" 



1)1" 

2.03 
2.03 
2.04 
2.04 
2.05 
2.06 
2.06 
2.07 
2.07 
2.08 
2.09 
2.09 
2.10 
2.10 
2.11 
2.12 
2.12 
2.13 
2.13 
2.14 
2.15 
2.15 
2.16 
2.16 
2.17 
2.18 
2.18 
2.19 
2.20 
2.20 
2.21 
2.22 
2.22 
2.23 
2.24 
2.24 
2.25 
2.26 
2.26 
2.27 
2.28 
2.29 
2.29 
2.30 
2.31 
2.31 
2.32 
2..33 
2.34 
2.34 
2.35 
2.36 
2.37 
2.37 
2.38 
2.39 
2.40 
2.41 
2.41 
2.42 



M. 



M. 



M. 



Sine. Dl" Tang. DP M. 



1.99834 
99836 
99837 
99838 
99839 
99840 
99841 
99842 
99843 
99844 
99845 

1.99846 
99847 
99848 
99850 
99851 
99852 
99853 
99854 
99855 
99856 

1.99857 
99858 
99859 
99860 
99861 
99862 
99863 
99864 
99865 
99866 

1.99867 
99868 
99869 
99870 
99871 
99872 
99873 
99874 
99875 
99876 

1.99877 
99878 
99879 
99879 
99880 
99881 
99882 
99883 
99884 
99885 

1.99886 
99887 
99888 
99889 
99890 
99891 
99891 
99892 
99893 
99894 



0.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.01 
.01 
.01 
.01 
.01 



Cosine. Dl" Cotang. 



11 



11 



11 



11 



11 



11 



.05805 
05951 
06097 
06244 
06391 
06538 
06687 
06835 
06984 
07134 
07284 
.07435 
07586 
07738 
07890 
08043 
08197 
08350 
08505 
08660 
08815 
.08971 
09128 
09285 
09443 
09601 
09760 
09920 
10080 
10240 
10402 
,10563 
10726 
10889 
11052 
11217 
11382 
11547 
11713 
11880 
12047 
,12215 
12384 
12553 
12723 
12894 
1.3065 
13237 
13409 
1.S583 
13757 
.13931 
14107 
14283 
14460 
14637 
14815 
14994 
15174 
15354 
15536 



2.43 
2.44 
2.45 
2.45 
^.46 
2.47 
2.48 
2.49 
2.50 
2.50 
2.51 
2.52 
2.53 
2.54 
2.55 
2.56 
2.56 
2.57 
2.58 
2.59 
2.60 
2.61 
2.62 
2.63 
2.64 
2.66 
2.66 
2.67 
2.68 
2.69 
2.70 
2.71 
2.72 
2.73 
2.74 
2.75 
2.76 
2.77 
2.78 
2.79 
2.80 
2.81 
2.82 
2.83 
2.84 
2.86 
2.87 
2.88 
2.89 
2.90 
2.91 
2.92 
2.93 
2.95 
2.96 
2.97 
2.98 
2.99 
3.01 
3.02 

DP 



60 
69 
58 
67 
66 
56 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
16 
14 
13 
12 
11 
10 
9 
8 
7 
6 
6 
4 
3 
2 
1 




70 



86" 



SINES AND TANGENTS. 



8T> 



M. Siue. or Tans, j DI' 

1 



3 

4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

m7 



.99894 
99895 
99896 
99897 
99898 



99900 
99901 
99902 
99903 

9.99904 
99904 
99905 
99906 
99907 
99908 
99909 
99909 
99910 
99911 

9.99912 
99913 
99913 
99914 
99915 
99916 
99917 
99917 
99918 
99919 

9.99920 
99920 
99921 
99922 
99923 
99923 
99924 
99925 
99926 
99926 

9.99927 
99928 
99929 
99929 
99930 
99931 
99932 
99932 
99933 
99934 

9.99934 
99935 
99936 
99936 
99937 
99938 
99938 
99939 
99940 
99940 

rosliie. 



O.Ol 
01 
01 
01 
,01 
,01 
01 
01 
JOl 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
,01 
01 
01 
,01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 



11.15536 
15718 
15900 
16084 
16268 
16453 
16639 
16825 
17013 
17201 
17390 

11.17580 
17770 
17962 
18154 
18347 
18541 
18736 
18932 
19128 
19326 

11.19524 
19723 
19924 
20125 
20327 
20530 
20734 
20939 
21145 
21351 

11.21559 
21768 
21978 
22189 
22400 
22613 
22827 
23042 
23258 
23475 

11.23694 
23913 
24133 
24355 
24577 
24801 
25026 
25252 
25479 
25708 

11.25937 
261681 :j 
26400 
26634 
26868 
27104 
27341 
27580 
27819 
28060 

Cotang. 



3.03 
I 3.04 
' 3.06 
'3.07 
3.08 
i3.10 
3.11 
3.12 
3.14 
3.15 
3.16 
3.18 
3.19 
3.21 
3.22 
3.23 
3.25 
3.26 
3.28 
3.29 
3.31 
3.32 
3.34 
3.35 
3.37 
3.38 
3.40 
3.41 
3.43 
3.45 
3.46 
3.48 
3.50 
3.51 
3.53 
3.55 
3.57 
3.58 
3.60 
3.62 
3.64 
3.65 
3.67 
3.69 
3.71 
3.73 
3.75 
3.77 
3.79 
3.81 
3.83 
3.83 
3.87 
3.89 
3.91 
3.93 
3.95 
3.97 
3.40 
4.02 



M. I 8ine. 



Dr 



TftOtf. 



An 

.1)1 
-Ul 
.01 
.01 
.01 
.01 
.01 

.01 
,01 
AW 
.01 
,01 
.Oil 
.01 , 
.ill • 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.IM 
.01 
,01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
01 
.01 
.01 
.01 
.01 
M 
.01 
.01 

PI" 



2mm 



vr 



287W3 

2yo,^fi 

29536 
297Srt 
flOO.'^H 
\W2n 
3054T 

[L:ioi*04 

3Hlfi2l 
31322 
315«3 
31b4e 
32110 
32a7B 

S^T'll 

umi 

34 2 Hi 
34Kifif^ 
3484 f^ 
35I3U 
35415 
35702 
3590 i 
ll.:t62H2 
3ti:)74 
368tiy 
37L66 
37465 
3776e 
3S069 
H83T4 
3Hfi«l 
3H0in 

3iH;ifS 
3it932 
402.'V1 
40^172 
4fl8i?5 
41221 
4I54U 
4IR79 
42212 
11.42548 
42ftSfi 
43227 
43571 
43917 
442H6 
4401 H 
44973 
45331 



4.11 
4.131 
4.15 
4.18' 
4.20 
4.2a 
4.35 
4.2H- 

4.:io 

4.:^:t, 
4.;i5 1 

4.:i» 
4.4! 
4.4:^ 
4.4fi 
4.49 

4.34 
4.57 
J.fiO 
4.63 
4M 

i.m 

4.73 
4 .7,1 
4.78 
4.h2 

4.k:i 

4.KS 
4.911 
4.95 
4.9S 
5.02 
b.mi 
SJjy 
5.12 
5.10 
SJi( 
5.23 
5.27 
5.31 
5.35 
5.;J9 
5.43 
5.47 
5.^1 

5.ii9 
5.P4 

5.73 
5.77 

5,bL! 
5.H7 
bM\ 
^M 
O.ill 



59 
58 
57 
Ml 
■tb 
hi 
bli 
■tl 
51 
5it 
19 
4K 
47 
4rt 
45 
44 
U 
43 
41 
411 

:^9 
;js 
37 

3fi 
33 
34 
3,^ 
32 
31 
30 
2lf 

21 

2n 

23 
21 
23 
22 
21 
20 
19 
18 
17 
10 
15 
14 
13 
12 
II 
10 
U 

7 

fj 
4 
3 
2 
? 



71 



a^ 



88« 



TABLE IV.— SINES AND TANGENTS. 




1 
2 
3 
4 
6 
A 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



99981 

99981 

99981 

99982 
9.99982 

99982 

99983 

99983 

99983 

99984 

99984 

99984 

99985 

99985 
9.99985 

99986 

99986 

99986 

99987 

99987 

99987 

99988 

99988 

99988 
9.99989 

99989 

99989 

99989 

99990 

99990 

99990 

99990 

99991 

99991 
9.99991 

99992 

99992 

99992 

99992 

99992 

99993 

99993 

99993 

99993 

Cosine. 1)1' 



Dl" I Tang. 



0.01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
,01 
01 
01 
,01 
01 
01 
01 
01 
01 
,01 
,01 
01 
01 
01 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.005 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 
.004 



Dl" 



11.45692 
46055 
46422 
46792 
47165 
47541 1 
47921 ! 
48304' 
48690 
49080 
49473 

11.49870 
50271 
50675 
61083 
51495 
51911 
52331 
52755 
53183 
63615 

11.54052 
54493 
54939 
55389 
55844 
56304 
56768 
67238 
67713 
58193 

11.58679 
59170 
59666 
60168 
60677 
61191 
61711 
62238 
62771 
63311 

11.63857 
64410 
64971 
65539 
66114 
66698 
67289 
67888 
68495 
69112 

11.69737 
70371 ' 
71014 
71668 
72.S31 1 
73004 ' 
73688 
74384 
75090 
75808 , 



6.06 
6.11 
6.16 
6.22 
6.27 
6.33 
6.38 
6.44 
6.50 
6.55 
6.61 
6.68 
6.74 
6.80 
6.87 
6.93 
7.00 
7.07 
7.14 
7.21 
7.28 
7.35 
7.43 
7.50 
7.58 
7.66 
7.75 
7.83 
7.91 
8.00 
8.09 
8.18 
8.28 
8.37 
8.47 
8.57 
8.67 
8.78 
8.88 
8.99 
9.11 
9.22 
9.34 
9.46 
9.59 
9.72 
9.85 
9.99 
10.1 
10.3 
10.4 
10.6 
10.7 
10.9 
11.1 
11.2 
11.4 
11.6 
11.8 
12.0 



('(•tJHiK. Dl" 



Sine. 



9.999931 
99994 
99994 
99994 
99994 
99994 
99995 
99995 
99995 
99995 
99995 

9.99996' 
99996 
99996 
99996 
99996 
99996 
99997 
99997 
99997 
99997 

9.99997 
99997 
99997 
99998 
99998 
99998 
99998 
99998 
99998 
99998 

9.99998 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 

9.99999 
99999 
99999 
10.00000 
00000 
00000 
00000 
00000 
00000 
00000 
10.00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 

Cosine. 



Dl" 

1.004 
.004 
.004 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.003 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.002 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.000 
.000 
.000 
.000 
.000 
.000 
.000 



Taug. 



11.75808 
76538 
77280 
78036 
78805 
79587 
80384 
81196 
82024 
82867 
83727 

11.84605 
85500 
86415 
87349 
88304 
89280 
90278 
91300 
92347 
93419 

11.94519 
95647 
96806 
97996 
99219 

12.00478 
01775 
03111 
04490 
05914 

12.07387 
08911 
10490 
12129 
13833 
15606 
17454 
19385 
21405 
23524 

12.25752 
28100 
80582 
33215 
360.18 
39014 
42233 
45709 
49488 
63627 

12.58203 
63318 
69118 
75812 
83730 
93421 

13.05915 
23524 
5.3627 

Infinite. 



Dl" Cotang. 



Dl" 

12.2 
12.4 
12.6 
12.8 
13.0 
13.3 
13.5 
13.8 
14.1 
14.3 
14.6 
14.9 
15.2 
15.6 
15.9 
16.3 
16.6 
17.0 
17.4 
17.9 
18.3 
18.8 
19.3 
19.8 
20.4 
21.0 
21.6 
22.3 
23.0 
23.7 
24.5 
25.4 
26.3 
27.3 
28.4 
29.5 
30.8 
32.2 
33.7 
35.3 
37.1 
39.1 
41.4 
43.9 
46.7 
49.9 
53.6 
57.9 
63.0 
69.0 
76.3 
85.3 
96.7 
112 
132 
162 
208 
294 
502 



72 



M. 

60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 




Oo 



ARITHMETICS 



MILNE'S ARITHMETICS. 

Elements of Arithmetic 30 cents 

Standard Arithmetic 65 cents 

The most successful of modern series. Brief, accurate, philosophical, practicaL 
Business methods — simple processes. 

ROBINSON'S NEW ARITHMETICS. 

New Primary x8 cents 

New Rudiments 30 cents 

New Practical 65 cents 

Old favorites renewed and perfected. The sterling; strength, directness, and sim* 
plicity of Robinson's Progressive Arithmetics retained. New material and such 
changes embodied as were necessary 'co thoroughly modernize the series. 

APPLETONS' STANDARD ARITHMETICS. 

Appletons* First Lessons 36 cents 

Appletons^ Numbers Applied 75 cents 

Embodying many new and practical features. 

WHITE'S ARITHMETICS. 

White's First Book of Arithmetic • • . . • ao cents 

White's New Complete Arithmetic 65 cents 

One of the strongest and most attractive two-book series published. 

FISH'S ARITHMETICS. 

Fish's Arithmetic, Number One 30 cents 

Fish's Arithmetic, Number Two 60 cents 

Latest and best results of Mr. Fish's life-long studies in this department. 

RAY'S'ARITHMETICS. 

New Elementary Arithmetic 35 cents 

New Practical Arithmetic 50 cente 

New Intellectual Arithmetic 35 cents 

New Higher Arithmetic 85 cents 

Philosophical in treatment — concise, simple, and clear in style. 

HARPER'S GRADED ARITHMETICS . 

Harper's First Book in Arithmetic 30 cents 

Harper's Second Book in Arithmetic .... 60 cents 

The minimum of theory and maximum of practice. 

DUBBS'S ARITHMETICAL PROBLEMS s 

Dubbs's Arithmetical Problems* Teachers' Edition. 
Containinfi^ 4500 problems designed to supplement any 
series of Arithmetics $1.00 

The Same, in Two Pares, Pupils' Edition, without answers, 

each part 35 cents 

Dubbs's Complete Mental Arithmetic ..... 35 cents 

American Book Company 

New )'ork Cincinnati Chicago Boston Portland, Or*. 
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PUBUCATiONS OF THE AMERICAN BOOK COMPANY. 

General Science. 

Doerner'8 Treasury of Knowledge. 

By celia doerner. | ^^ jj; ; ' * ' ; * ; ; ; ; ^|^ 

This book is designed to fill a gap in the ordinary course of instruction, and fur. 
nishes in a small compass much useful and important mformation. Since it combines 
entertainment with instruction, it will be found especially useful to parents as an addi- 
tion to ^e dhild's home library. 

Hooker's Child's Book of Nature. (Complete.) 

By WORTHINGTON HOOKER, M. D $i.oa 

Thne parts in one: Part I. Plants; Part II. Animals; Part III. Air, Water, 
Heat, Light, etc Designed to aid mothers and teachers in training children in the 
observation of Nature. It presents a gpneral survey of the kingdom of Nature in a 
manner calculated to attract the attention of the child, and at the same time to fionish 
him with accurate and important scientific information. 

Monteith's Easy Lessons In Popular Science. 

By James Monteith $0.75, 

This book combines the conversational, catechetical, blackboard, and object 
plans, with maps, illustrations, and lessons in drawing, spelling, and composition. The 
subjects are presented in a simple and effective style, such as would be adopted by 
good teacher on an excursion with a class. 

Monteith's Popular Science Reader. 

By James Monteith $0.7^ 

This contains lessons and selections in Natural Philosophy, Botany, and Natural 
Hbtory, with blackboard, drawing, and written exercises. It is illustrated with man} 
fine cuts, and brief notes at the foot of each page add greatly to its value. 

Steele's Manual. (Key to Fourteen Weeks* Course.) 

By J. DORMAN Steele, Ph. D $i.oa 

This is a manual of science for teachers, containing answers to the practical ques- 
tions and problems in the author's scientific text-books. It also contains many valuable 
hints to teachers, minor tables, etc 

Wells's Science of Common Things. 

By David A. Wells, A. M $0.85. 

This is a familiar explanation of the first principles of physical sdence for schools, 
fiuniliesp and young students. Illustrated with numerous engravings. It is designed 
to furnish for the use of schools and young students an elementary text-book on die 
first principles of science. 



Co^t mailed, posUpaid, on receipt of price. Full price-list sent on applkaUan, 

AMERICAN BOOK COMPANY, 

NEW YORK .:• CINCINNATI •:• CHICACa 



PUBLICATIONS OF THE AMERI CAN BOOK COMPANY. 

Geometry. 

DAVIES'S GEOMETRIES. By Chas. Davies, LL. D. 

Elementary Geometry and Trigonometry. i2mo, cloth, 

324 pages $1.00 

Legendre's Geometry and Trigonometry. Revised by I. 

H. Van Amringe. 8vo, sheep. 512 pages . . . $1.60 

The Same. Part I, Geometry only. 291 pages . . . $1.25 

Davies's Legendre's Geometry is an entirely new edition, made to conform 

with latest and best methods. 

ECLECTIC SCHOOL GEOMETRY. (Elementary.) By E. 

W. Evans, A. M. i2mo, cloth. 155 pages . . 60 cents 

A revision of Evans's School Geometry by J. J. Bums, M. A., especially 

adapted to high schools by the addition of numerous exerdses and originsd 

demonstrations. 

HUNTER'S Elements of Plane Geometry. By Thomas 
Hunter, Ph. D. i2mo, cloth. 132 pages . . 60 cents 
This volume is intended only for beginners— for those who are preparing 
for college, and for intermediate and high schools generally. 

PECK'S ANALYTICAL GEOMETRY. By Wm. G. Peck. 

Ph. D. i2mo, cloth. 212 pages $1.25 

A treatise on analytical geometry, with applications to lines and surfaces 
of the first and second orders. 

PECK'S DETERMINANTS. By Wm. G. Peck, Ph. D. i2mo, 

cloth. 70 pages 60 cents 

Designed as an introduction to a course of modem analytical geometry. 

RAY'S PLANE AND SOLID GEOMETRY. i2mo cloth 

276 pages 7^ cents 

Written for Ray's Mathematical Course by Eli T. Tappan, M. A. 

ROBINSON'S NEW GEOMETRY AND TRIGONOM- 
ETRY. 8vo, calf. 453 pages ?l.6o 

Embracing plane and solid geometry, and plane and spherical trigo- 
nometry, with numerous practical problems. 

SPENCER'S INVENTIONAL GEOMETRY. (Science 
Primer Series.) By Wm. Geo. Spencer. i8mo, flexible cloth. 

97 pages 35 cents 

Introduces the beginner to geometry by putting him at work on problems 

•arhich exercise his inventive and constructive faculties. 

Copies of the above mailed^ posUpaid^ to any address on receipt of price. Send foT 
fidl descriptive catalogue of text-books in all departments of higher mathematics, 

AMERICAN BOOK COMPANY, 

NEW YORK •:• CINCINNATI •:• CHICAQ^j^ 
l*94j 



Harper and Burgess's Inductive 
Latin Method. 

By Prof. Wm. R. Harper and Isaac B. Burgess, A.M. 



The new method here employed for beginning the study of Latin is 
that followed by Professor Harper with such signal success in his 
classes at Chautauqua and elsewhere. A sentence of the original text 
is first placed before the pupil. The pronunciation and exact trans- 
lation of each word are furnished him. With the aid which the teacher 
gives him in advance, and with the material given in the book, he 
thoroughly masters the words and phrases of this sentence or section. 
His knowledge is tested by requiring him to recite or write the Latin 
sentence, with only the translation before his eye. 

With this as the foundation, and with adequate notes, the words are 
transposed and introduced in various relations, and by thus following 
a thoroughly inductive method, a knowledge of the language is obtained 
in much less time than that usually required. 

The book is a guide to the language — not a companion to the 
Grammar. The pupil deals with the language. He discovers a 
principle in the sentence before him. He observes and remembers. 
He does not learn what he may or may not observe hereafter. He 
thus creates for himself a working grammar of essential principles, and 
adds at each step what is then needed. 

Most introductory Latin books prepare for Caesar, yet they are often 
made up of different authors, different styles, and different vocabularies. 
This is based wholly upon the first book of the Gallic War, and insures 
a thorough drill upon the words, construction, and idioms of Caesar. 
Systematic instruction is given in reading Latin in the order of the 
text. This, and the attention given to word study give proficiency in 
sight reading. 

Among the special features are : the entire absence of everything 
not essential, its thoroughness, and the rj-snuine interest it arouses in 
the pupil. It holds his attention, quickens his mind, and makes the 
study of the language pleasant for him and his teacher. 

i2mo, cloth. 323 pages. Price, $1.00. 

Harper and Burgess's Inductive Latin Primer (in preparation). 
Harper and Tolman's Caesar's Gallic War • $z.20 

Harper and Miller's Verg^ (in preparation). 

Copies mailedy postpaid^ to any address y on receipt of price. Full descriptive 
circulars o/ Latin and Greek books sent on application. 

AMERICAN BOOK COMPANY, 

VEW YORK .'. CINCINNATI .'. CHICAGO. 
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